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PREFACE? 


Turs book has been prepared with a view of bringing 
together in one volume the data essential to a comprehensive 
knowledge of topographic surveying. It has been my aim 
to cover the varied phases of all classes of surveys which are 
made with a view to representing on maps information rela- 
tive to the features of the earth’s surface. The methods 
elaborated are chiefly those which have been developed in 
recent years by the great government surveying organiza- 
tions and by such few private corporations as have kept in 
touch with the most modern practice; but I have endeavored 
to go beyond these, and, guided by personal experience, to 
adapt them to the most detailed topographic as well as to 
the crudest exploratory surveys. The hope is entertained, 
therefore, that the engineer who may be called upon to con- 
duct an exploratory survey in an unknown region, or to make 
a detailed topographic map as a preliminary to construction, 
will find herein descriptions and examples of the methods he 
should employ, the essential tables for the computation of 
his results, and hints which will guide in the equipment of his 
party. 

I have sought to avoid any detailed description of those 
instruments or methods which are elaborated in works on 
general surveying. The volume is devoted practically to 
higher surveying, and presupposes a knowledge of all the 


more elementary branches. At the same time, many of the 
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subjects treated are essentially elementary, and these are 
briefly described, in order that all the facts which the topog- 
rapher must know and all the formulas and tables which he 
must have at hand in the field may be brought together. An 
effort has been made to present the subject in the most prac- 
tical form. Accordingly, care has been taken to avoid an 
elaboration of the mathematical processes by which the vari- 
ous formulas have been derived, as they are to be found in 
detail in several well-known treatises to whieh textual refer- 
ence is made. To give more immediate aid to the working 
surveyor, examples of the various computations are pre- 
sented, as are illustrations of the instruments, methods, and 
resulting maps from surveys actually executed. 

The mode of presentation is not that usually followed in 
such works. Instead of describing the instruments or their 
uses independently, each is described in that portion of the 
text in which its employment in field surveying is most prom- 
inently mentioned. The tables are not brought together at 
the end of the volume, but each is placed in that portion of the 
text which relates to its use. The object is to produce a handy 
reference-book for use in the field, as well as a text-book for 
guidance in college instruction. It is believed that, by this 
arrangement, if a topographer in the midst of his field-work 
desires information on a special point, it can be found, with 
accompanying examples and tables, gathered together in one 
chapter or clearly indicated by cross-references. Again, the 
method of treatment usually followed in works of this class 
consists in, first, a description of the astronomic methods on 
which general map surveys must be based, and then a descrip- 
tion of primary triangulation as a basis for the detailed 
topographic surveys which are finally described. I have re- 
versed this order and have adopted the more natural method 
of commencing with the simplest operations and advancing 
gradually towards the most complex and refined. Each sub- 
ject is treated in the same manner. It is believed that the 
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work has thus been made especially useful to the inexpert 
topographer and the student. 

The volume consists, in fact, of three separate books or 
treatises: (1) Topographic Surveying, (2) Geodetic Survey- 
ing, and (3) Practical Astronomy. The first has been sub- 
divided into three parts: Plane Surveying, Hypsometric Sur- 
veying, and Map Construction; and these are preceded by a 
preliminary characterization of the relations existing between 
topographic, geographic, and exploratory surveys. This latter 
distinction is essentially arbitrary, as all are of a kind, and 
differ only in degree of detail and the consequent speed and 
generalization in procuring the field results. The general 
subject of Geodetic Surveying has been subdivided into Ter- 
restrial Geodesy and Astronomic Geodesy, and the treatment 
of these differs but slightly in method of arrangement from 
that usually pursued. Part VII is devoted to such practical 
hints as it is believed will essentially aid those who have the 
organization and command of camping parties. 

I am especially indebted to the courtesy of Professors 
Ira O. Baker, J. B. Johnson, and John F. Hayford for the 
use of numerous electrotypes and plates from their well- 
known works on surveying and geodesy; and to the Secre- 
tary of the American Society of Civil Engineers for electro- 
types of illustrations in articles by me. I am also indebted to 
Messrs. W. & L. E. Gurley, Young & Sons, and G. N, Saeg- 
miiller for electrotypes of instruments illustrated in their cata- 
logues. I have used freely the excellent Manual of Topo- 
graphic Methods of the U. S. Geological Survey, written by 
Mr. Henry Gannett; in a few instances I have copied verba- 
tim examples contained therein, and I desire to express appre- 
ciation of his courtesy, and of that of the Director of the U. S. 
Geological Survey in extending this privilege. To the latter 
T am also indebted for an opportunity to procure the colored 
illustrations published herewith, which were printed from the 
admirable copper-plates of the U. S. Geological Survey. Spe- 
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cifications and several illustrations of tents and other camp 
equipage were obtained through the courtesy of the Quarter- 


master-General of the U. S. Army. For much in the chapter 
on Photography I am indebted to Lieut. Samuel Reber’s 
Manual of Photography and to E. Deville’s Photographic 
Surveying. 

Finally, I desire to express appreciation of the assistance 
I have received in editing manuscript and proof from many 
coworkers on the U. S. Geological Survey, more particularly 
from Messrs. W. J. Peters, S. S. Gannett, and E. M. Douglas 
on the subjects of geodesy and astronomy; E. C. Barnard 
and A. H. Thompson on topographic surveying; C. Willard 
Hayes and G. K. Gilbert on topographic forms and definitions; 
N. H. Darton on photography; and to Mr. W. Carvel Hall 
for assistance in reading proof. Two lists of works of refer- 
ence are published, on pages 490 and 809, in which are cited 
the titles of all those works to which the reader is referred for 
further details. From nearly all of these some example or 
illustration has been obtained. 


H. M. W. 


WasuincTon, D. C., Feb. 22, 1900. 
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TOPOGRAPHIC, GEOGRAPHIC, AND EXPLORATORY 
SURVEYING. 


CHAPTER 
KINDS OF MAP SURVEYS. 


1. Classes of Surveys.—Surveys may be grouped under 
three general heads: 

1. Those made for general purposes, or information sur- 
veys. 

2. Those made for jurisdictional purposes, or cadastral 
surveys. 

3. Those made for construction purposes, or engineering 
surveys. 

Information surveys may be exploratory, geodetic, geo- 
graphic, topographic, geologic, military, agricultural, mag- 
netic, orhydrographic. Geodetic surveys are executed for the 
purpose of determining the form and size of the earth. 
They do not necessarily cover the entire surface of the 
country, but only connect points distant from each other 
20 to 100 miles. Topographic and geographic surveys are 
made for military, industrial, and‘scientific purposes. To 
be of value they must be based upon trigonometric or tri- 
angulation surveys, but not necessarily of geodetic accuracy. 

The mother map, or that from which all others are derived, 
is the topographic map. Thisis made from nature in the field 
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by measures and sketches on the ground. It is the original or 
base map from which can be constructed any variety of maps 
for the scrving of separate purposes. The historian may 
desire to make a map which will! indicate the places upon 
which were fought great battles, or on which are located the 
ancestral estates of historic families. The geologist may 
desire to indicate the location of certain rock formations. 
‘The promoter of railways or other engineering works may 
desire to represent the route of his projected road or the 
location of city water-supplies or real-estate subdivisions. For 
these several purposes the topographic or base map furnishes 
the original data, or foundation, on which can be indicated, in 
colors or otherwise, any special class of information. 
Cadastral surveys define political and private property 
boundaries and determine the enclosed areas. Such surveys 
are executed for fiscal and for proprietary purposes, and their 
value depends upon the degree of accuracy with which they 
are made. A cadastral survey is not necessarily based upon 
triangulation and may be only crudely executed with com- 
pass and chain. To thoroughly serve its purpose, however, 
it should be based on geodetic work of the greatest refine- 
ment. It does not necessarily cover the entire area en- 
closed, but only points and lines which mark the boundaries. 
Engineering surveys are executed in greater detail than 
any of the above. They may preferably follow some of 
them and are preliminary to the construction of engineer- 
ing works, They are conducted with such detail as to per- 
mit the computing of quantities of materials to be moved 
and the exact location of the various elements of the works 
which are to be constructed. Engineering surveys may be 
made for the construction and improvement of military 
works, as forts, navy yards, etc.; for constructing routes of 
communication, as roads, electric lines, canals; for reclama- 
tion of land, as irrigation and swamp surveys; for the im- 
provement of natural waterways, as river and harbor sur- 
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veys; or for the improvement of cities, as city water-supply 
and sewage disposal. 

2. Information Surveys.— All surveys have a twofold 
purpose: 

1. To acquire certain information relative to the earth; 
and 

2. To spread this among the people. ° 

The acquirement of the information is the field survey. 
‘The dissemination may be in the form of manuscript, illustra- 
tions, or sketch maps, as in the case of exploratory surveys; 
of a map only, as in the case of topographic surveys when 
the map embodies the whole result; or it may be a combina- 
tion of the two, as in the case of geographic surveys. 

In addition to the above primary classes of information 
surveys are the numerous minor differences in the method of 
field-work, including the instruments used, the degree of care 
in obtaining the information, and the mode of recording the 
results in notes ormaps. The instrumental work of exp/ora- 
tory surveys is usually of the crudest and most haphazard 
kind, the observations having to be taken and the notes re- 
corded incidentally and by such means and at such time as 
the primary necessities of the expedition, those of moving 
forward over the route traversed, will permit. Moreover, 
from the necessity of the circumstances such surveys are 
rarely homogeneous, never covering completely any given 
area; else they would cease to be exploratory. Being dis- 
connected, they are fixed from time to time with relation to 
the earth by such astronomic observations as will fre- 
quently check the interrupted route surveys in relation one 
to the other. 

Topographic and geographic surveys differ essentially 
from exploratory surveys, but from each other only in minor 
details of scale, degree of representation of relief, and the 
note taken of the sphericity of the earth. Topographic sur- 
veys are generally executed on so large a scale and with such 
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care and detail that account need rarely be taken of the 
sphericity of the earth in plotting the resulting map, and they 
are therefore based on geodetic data only as they merge into. 
geographic surveys. Moreover, all important natural and 
artificial features may be represented on the resulting map 
because of its large scale. 

Geographic surveys merge imperceptibly, on the one hand, 
into topographic surveys, as the scale of the latter becomes 
so small and the area depicted on a given map sheet so large 
that the shape of the earth must be considered. On the 
other hand, they may be plotted on so small a scale and the 
relief be depicted by such approximate methods that they 
merge imperceptibly into exploratory surveys, being practi- 
cally of the same nature as the latter excepting that they 
cover a given area in its entirety. 

3. Topographic Surveys.— A topographic map is one 
which shows with practical accuracy all the drainage, culture, 
and relief features which the scale of representation will per- 
mit. -Such scale may be so large and the area represented 
on a given map sheet be so small that the control for the 
field surveys will be procured by means of plane and not of 
geodetic surveying. On the other hand, the scale may be so 
small and the area represented on the given map sheet so 
large as to require control by geodetic methods. 

The mistake is often made of assuming that a topographic 
map is special and not general. It is general, as it is not 
made for the purpose of constructing roads and highways, 
though it becomes a very valuable aid in their projection; 
nor is it made for the purposes of reclaiming swamp-land or 
irrigating arid land, but it furnishes general information 
essential to a preliminary study and plan for their improve- 
ment. The outcome of a topographic survey being a topo- 
graphic map, it should be judged by the map, and the map 
should be judged by the manner in which it serves the gen- 
eral purpose. Above all, of two maps or works of any kind 
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made for the same purpose and serving that purpose equally 
well, that the cheaper one is the better is a well-recognized 
principle of engineering. 

In the prosecution of a general topographic survey only 
such primary points should be determined geodetically as are 
essential to the making of the map. About one such point 
per one hundred square miles is a fair average for a one-mile to 
one-inch map. Such spirit-level bench-marks should be set 
and recorded as are obtained in carrying bases for levels over 
the area under survey. On the above scale about one bench 
to five square miles is a fair average. 

4. Features Shown on Topographic Maps.—tThe fea- 
tures exhibited on topographic maps may be conveniently 
grouped under the three following heads: 

1. The hydrography, or water features, as ponds, streams, 
lakes. 

2. The hypsography, or relief of surface forms, as hills, 
valleys, plains. 

3. The culture, or features constructed by man, as cities, 
roads, villages, and the names printed upon the map. 

In order that these various features may be readily dis- 
tinguishable and thus give legibility to the map, it is usual to 
represent the hydrography in blue, the relief in brown, and 
the culture in black. In addition to this, wooded areas may 
be indicated in a green tint. 

The object of a topographic survey is the production of a 
topographic map. Hence the aim of the survey should be to 
produce only the map; neither time nor money should be 
wastefully expended in the erection or refined location. of 
monuments; the demarkation of public or private boundary 
lines; or the establishment of bench-marks beyond such as 
are incidental to the work of obtaining field data from which to 
make the map. The erection, location, and description of 
boundary marks is the special work of a property or cadastral 
survey. The erection, description, and determination of 
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monuments and bench-marks as primary reference points is 
the work of a geodetic survey. The determination of many 
unmarked stations for map-making purposes is the work of a 
topographic survey. 

5. Public Uses of Topographic Maps.—For the purposes 
of the Government or State good topographic maps are in- 
valuable. They furnish the data from which the congressman 
or the legislator can intelligently discover most of the informa- 
tion bearing directly upon the problem in hand, and they give 
committees great assistance in their decisions as to the need 
of legislation. Ifa River and Harbor billis before Congress, 
or a bill relating to State Canals before the Legislature, by an 
inspection of such maps the slopes of the country through 
which the canal is to pass or in which the improvements are 
to be made may be readily ascertained. The sources of water- 
supply for a canal or river may be accurately measured on 
such a map and their relation to the work in hand intelligently 
ascertained. 

If the War Department of the Government or the Adjutant- 
General’s Office of the State desires to locate an arsenal, en- 
campment ground, or other military work, or, above all, if it 
is to conduct active military operations in the field, such maps 
serve all the preliminary purposes of the best military maps. 
With the addition of a very little field-work during war times, 
such as the indication of ditches, fence lines, outbuildings, 
etc., on the mother or topographic map, a perfect military 
map may be obtained. 

For the Post-office Department or private stage, express, or 
telephone companies, such maps furnish the basis on which 
an accurate understanding can be had of contracts submitted 
for star or other routes for carrying the mails or packages. 
As these maps show the undulations of the surfaces over 
which roads pass, their bends and the relative differences in 
length, the difficulties in travel on competing roads can be 
readily ascertained from them. 
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The Land Departments of the Government and State can 
discover on such maps not only the outlines of the property 
under their jurisdiction, but its surface formation. Forestry 
Loards can see indicated upon these maps the outlines of the 
various wooded areas, besides the slopes of the lands on which. 
these woods are situated, their relation to highways of trans- 
portation, railways, or streams, and the slopes to be encoun- 
tered in passing through the woods on these highways. 

The Legal department of the Government or State finds 
these maps of service in discussing political or property bound- 
ary lines, in ascertaining within what political division crimes 
are committed, or individuals reside with whom the officers of 
the law desire to communicate. It is difficult to see how any 
systematic or economical plan of road improvement can be 
advantageously made without the knowledge of existing grades, 
the physiography of the district through which the roads pass, 
and the location of quarries, which such maps present. 

The whole system of making successive spectal surveys or 
maps for every new need is one of the most wasteful in our 
present public practice, nor can it be otherwise until one survey 
shall be made that answers all important official uses. The 
amount of money that has been expended in making small 
maps of numerous cities and villages would have mapped, on 
a general scale, many times the area of the country. Even 
when we have these special maps they do not fully answer the 
purpose for which they were intended, as they only show the 
small area included within the immediate plan of operations. 
The value of a stream for economic purposes cannot be fully 
ascertained by an examination of the stream at the point from 
which it is to be used, but the drainage basin from which it 
derives its supply should be surveyed, and its area and slopes 
be known. <A good topographic map not only shows the re- 
lations between the natural and artificial features in the im- 
mediate neighborhood under consideration, but it shows the 
relations of these to the surrounding country. 
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6. Degree of Accuracy Desirable in Topographic Sur- 
veys.—It is difficult to set any standard for the amount of de- 
tail which the topographer must sketch on his map, or the 
amount of control which must be obtained for the checking 
of this detail. A topographic map may be so made as to serve 
many useful purposes and yet be almost wholly a sketch, 
scarcely controlled by mathematical locations. The same 
territory may be mapped on the same scale with little improve- 
ment in the quality of representation of topographic form and 
yet the work be done with such detail and accuracy and such 
amount of control as to make it useful for all practical pur- 
poses to which its scale adapts it. 

With these facts clearly in view, it is evident that explicit 
instructions to the topographer are a practical necessity. Un- 
like any other surveyor the topographer must use his own 
judgment or be guided by instructions regarding the amount 
of time-and money to be spent in obtaining detail and control, 
since the latitude permissible in mapping the same territory 
on the same scale varies greatly according to the uses to 
which the map is to be put. Such instructions should in- 
terpret the significance of scale and contour interval, and 
should cover the technical details of operations as found ap- 
plicable to conditions and locality (Art. 7). They should 
also fix the method of making and preserving field-notes. 
There are a variety of methods of survey, of instruments, and 
of records which are generally applicable to any case, yet to 
the expert topographer there is practically only one best way 
for each, and this can be decided only after he has inspected 
the country or has otherwise acquired knowledge of its 
characteristics. 

The scale and mode of expressing relief (Art. 191) must 
be fixed as well as the contour interval, if contours are em- 
ployed, in order that all the data necessary for the construc- 
tion of the map on this scale may be obtained. The methods 
and instruments should be stated in order that those best 
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suited to the conditions may be selected in the beginning. 
The mode of record should be fixed in order that there may 
be uniformity in the results brought into the office, provided 
there are various topographers working on the same area. 
Such instructions are to the topographer what specifications 
are to the contractor, yet they cannot quite carry the force 
of law because of the unforeseen exigencies which may arise 
and which require departure from fixed instructions in ac- 
cordance with the best judgment of the topographer. 

In topographic mapping it is sometimes desirable to make 
hasty preliminary or reconnaissance maps of a region in order 
that some information of the area may be immediately ob- 
tained. Such maps are practically sketches covering an ex- 
tensive area and without adequate framework of control, yet 
they contain most of the information required in the early de- 
velopment of the region. The error has too frequently been 
made of giving such maps the ear-marks of accuracy by rep- 
resenting the relief by numbered contours. In this they are 
misleading. Contours indicate precision and should justly be 
taken as accurate within the limits of the map scale. As has 
been aptly stated by Mr. J. L. Van Ornum, ‘‘ accuracy is ex- 
pected where exactitude is shown, and the conclusion is just 
that inaccuracy in representation is inexcusable.”” Where 
for any reason the desired accuracy cannot be attained for 
lack of the proper control, the resulting map is merely a 
sketch-map, and relief should be indicated not by contours but 
by hachures or by sketched contours; that is, lines in contour 
form, but disconnected and unnumbered. Such sketch-maps 
are useful as representations of topographic form, but are 
valueless as base-maps on which to plan great public improve- 
ments, the inception of which is so closely connected with 
topographic surveys. 

A topographic map well executed is, to quote Captain 
George M. Wheeler, ‘‘the indispensable, all-important sur- 
wey, being general and not special in character, which under- 
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lies every other, including also the graphic basis of the eco- 
nomic and scientific examination of the country. This has 
been the main or principal general survey in all civilized coun- 
tries. The results of such a survey become the mother source 
or map whence all other fiscal examinations may draw their 
graphic sustenance.’ Such a characterization of a topographic 
survey can apply only to one accurately made and on which 
every feature represented is as accurately shown as the scale of 
map warrants. 

In planning a topographic survey the controlling factor of 
the scale must always be kept clearly in mind, as this is the ul- 
timate criterion which decides the method of survey and the 
amount of time and money to be expended in its execution. 
The underlying law of topographic mapping is that applied to 
other engineering works, namely, no part of the construction, 
nor any part of the survey, should be executed with greater 
detail or at greater expense than will permit it to safely per- 
form the duties for which it is intended. Thus, in mapping 
an extended area, traverse methods alone for hortzontal con- 
trol are insufficient unless performed with the greatest exacti- 
tude. The primary triangulation on which such a survey is 
based should be no more accurate than will permit of plotting 
the points with such precision that they shall not be in error 
by a hair’s breadth at the extreme limit to which the triangu- 
lation is extended. The secondary triangulation should be 
executed with only such care as will permit of plotting with- 
out perceptible error on the scale selected and within the lim- 
itscontrolled by the nearest primary triangulation points. Sim- 
pler methods of securing horizontal control may be adopted 
for the minor points within the secondary triangulation, and 
these methods, be they by plane-table triangulation (Chap. 
IX) or by traverse (Chap. X), need be nothing better than 
will assure the plotting of the result without perceptible error 
and within distances controlled by the nearest: secondary tri- 
angulation points. Finally, minor details may be obtained by 
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the crudest methods of traverse, range-finding, pacing, or 
sketch-board (Arts. 81, 116, 95, and 61), providing that the 
distances on the map over which such methods are propagated 
shall be so small as to warrant their not being perceptibly 
in error within the limits of the controlling points € the next 
higher order. 

As with the horizontal control so with the vertical control, 
no more time should be expended or precision attempted 
in determining elevations than are necessary to obtain the 
data essential to the mapping of the relief accurately to the 
scale limit. Where relief is to be represented by contours of 
a small interval and on a large scale, or where the slopes of 
the country are gently undulating or comparatively level, the 
leveling must be of a high order that the contours may be ac- 
curately placed in plan. In country having slopes as gentle 
as. § to 40) feet to the mile, a difference of a few feet in 
elevation may mean that distance in error in the horizontal 
location of the contour if the elevations are not determined 
with accuracy. On the other hand, in precipitous mountain 
country much less care is necessary in the quality of the level- 
ing, since a large error in vertical elevation may be represented 
in plotting by the merest fraction in horizontal plan. For a 
large contour interval in country of moderate slopes less ac- 
curacy is essential in the determination of the elevation. 
For contours of 20 feet interval errors of elevation varying 
from 5 to 20 feet or more may be made, depending upon the 
steepness of the slope and the consequent nearness in_hort- 
zontal plan of one contour to the next. The same ratio 
applies to greater contour intervals. Therefore the methods 
pursued in determining the elevations should begin with a 
careful framework of spirit-leveling (Art. 129), and the 
amount of this should be only so great as to insure that the 
dependent levels of less accuracy shall not be so far in error 
as to be appreciable for the scale and contour interval selected 
and for a given slope of country. Based on these spirit-levels 
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rougher elevations by vertical angulation with stadia (Art. 
102) or by trigonometric methods (Art. 159) may be employed, 
and tied in between these may be elevations by aneroid (Art. 
174), the latter being checked at intervals sufficiently frequent 
to assure that the resulting elevations shall not introduce ap- 
preciable errors in the location of contours. 

The same rules should apply to the frequency with which 
vertical control points are determined. These should be so 
close together for the scale of the map and for the contour 
interval selected that in connecting them by eye in the 
course of the sketching no error appreciable on the scale 
shall be introduced. Any map, the best obtainable, is but a 
sketch controlled by locations. No one would undertake to 
determine the elevation and horizontal plan of every point on 
a contour line. Control positions on contours are only deter- 
mined with sufficient frequency to insure comparative accu- 
racy in connecting them. Bearing on this same point is the 
fact that such connection by sketching can undoubtedly be 
done with greater accuracy on the plane-table board with the 
terrane in view than from notes platted up in office or from 
photographs or profile drawings. 

Where relief is to be represented by hachures or broken 
sketch contours, precision in absolutely fixing the vertical ele- 
ment is of the least moment. It is generally desirable in 
making such maps to write approximate altitudes at promi- 
nent points, as stream junctions, villages, or mountain sum- 
mits, but the chief desideratum is relative differences in eleva- 
tion in order that the number of the sketched contours and 
their frequency, or the degree of density of the hachuring, 
may give an index to the amount of relief. 

7. Instructions Relative to Topographic Field-work. 
—The following instructions are those issued by the Director 
of the United States Geological Survey for the guidance of 
topographers in the field: 


1, At least two primary triangulation points or a primary control line 
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should be platted on each atlas sheet previous to commencing field- 
work, 

2. On each atlas sheet, in addition to primary levels, such other ele- 
vations should be obtained instrumentally that aneroids need never be 
left without a check elevation for distances exceeding five inches. These 
control elevations may come from profiles of railroads, spirit-levels, or: 
from vertical angulation. 

3. Plane-table triangulation must be conducted on the large sheets to. 
a scale of 1:45000 or 1:g0000, and it is desirable that as fast as intersec- 
tions are obtained by the topographer the vertical heights of stations 
and intersected points should be computed. 

4. In conducting plane-table triangulation, as many hilltops, churches, 
houses, and other notable features should be intersected and located as 
is possible, in order to furnish the basis of connection with the traverse 
work, while gaps or passes and salients on ridges should also have their 
positions and elevations determined as far as possible from the plane-table 
stations. 

5. Secondary topographic control must precede topographic sketch-- 
ing-and the filling in of minor details of the map. To this end, on the 
inauguration of field-work, the topographer in charge should so arrange 
spirit-leveling as to control a given portion of the area under survey. He 
should execute plane-table triangulation orrun main controlling traverse 
lines prior to commencing detailed topographic sketching. His princi- 
pal assistant may meantime be engaged in running additional control 
traverses, accompanied by vertical angulations or levels, and his traverse- 
men may be engaged on minor traverses. 

6. Field sheets must be as few in number and as large as the character 
of the topography will permit, and all main control must be adjusted 
thereon; this to be done before filling in of minor detailed sketching is com- 
menced. These minor details may be obtained by traverse on separate 
sheets, but must be transferred to and adjusted on main field sheets at 
once, so that no uncompleted spaces shall be left on them in the field. 

7. For fifteen-minute sheets sketching will be done only by the chief 
of party or competent assistant and on completely adjusted control; or 
from sketch stations, only when traverse control and elevations have been 
previously obtained, that all may be adjusted as sketching progresses. 

8. All prominent objects within a reasonable distance of the traverse 
should be sighted with the alidade, and lines drawn to them from the 
various traverse stations. Sights should also be taken to such objects as 
may be located by the topographer. If necessary, the traversemen should 
occasionally ascend low hills to check aneroid elevations with those ob- 
tained by triangulation and to sight to other hills, churches, etc., for 
purposes of orientation. 
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g. All permanent buildings, other than barns or sheds grouped about 
a dwelling-house, must be indicated by the traverseman on his plane- 
table sheets and transferred by the topographer to his field sheet before 
sketching. The outlines of wooded areas must be shown on the sketch 
sheets. 

10, Elevations must be adjusted between check points previous to 
sketching. When this is done sketching may be commenced, and must 
be in continuous contours. Occasional breaks may be permitted, but 
simple “sketch ” work must not be done. 

11. The topographer in charge will be responsible not only for the 
quality of the topographic work, but also for the quality and management 
of the spirit-leveling done under his direction and for the location and 
marking of the bench-marks, each of which he should endeavor to exam- 
ine personally. Permanent bench-marks must all be located on the re- 
sulting topographic map and the elevations written thereon. 

12. Only so much of the field sheets must be inked in the field as can 
be done with sufficient care to permit of their being accepted as final 
drawings, and of their being directly photographed or photolithographed 
(excepting where land-survey plats are used as field sheets). Accord- 
ingly, only such inks should be used as will photograph readily, namely, 
mixed burnt sienna or Higgins’ orange for contours, Higgins’ black for 
culture, and only mixed Prussian blue with about one-tenth burnt sienna 
or orange for drainage. 

13. A full record must be made on the title-page of each note-book, 
stating character of work, locality, atlas sheet, and date of record; also, 
" name of topographer and maker of notes. A similar record is to be made 
on field and traverse sheets, with the addition of scale and contour in- 
terval. 

14. Plats, on a large scale, should be made or obtained at all villages 
and cities, showing the streets and houses in detail. 

15. The determination of names of streams, mountain peaks, villages, 
and other places of note should receive particular attention. They should 
be obtained and recorded with authorities, so as to ascertain local usage 
and spelling. 


8. Elements of a Topographic Survey.—From a con- 
structive point of view a map is a sketch corrected by loca- 
tions. The making of locations is geometric, that of sketch- 
ing is artistic. However numerous may be the /ocations they 
form no part of the map itself, serving merely to correct the 
sketch which supplies the material of the map. Every map, 
whatever its scale, is a reduction from nature and conse- 
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quently must be more or less generalized. It is therefore im- 
possible that any map can be an accurate, faithful picture of 
the country it represents. The smaller the scale the greater 
the degree of generalization and the farther must the map de- 
part from the original. The larger the scale the smaller the 
area brought together on a given map, and the less it appeals 
to the eye which grasps so extended a view of nature. There 
is, however, for the purposes of making information maps, a 
scale which is best suited to every class of topography, and 
the best result only will be obtained by selecting the relation 
of horizontal scale and contour interval which fits the partic- 
ular topography mapped. 

By far the most important work of topographic mapping 
is the sketching (Arts. 13, 15, 17, and 193), and this should 
be done by the most competent man in the party—presum- 
ably its chief. He should not only sketch the topography 
because of his superior qualifications for that work, but also 
because the party chief is responsible for the quality of all the 
work, and only in the sketching, which is the last act in map- 
making, has he full opportunity for examining the quality of 
the control and of the other elements of the work executed 
by his subordinates. The map-sketcher is therefore the topog- 
rapher, and it is in the matter of generalization or in the se- 
lection of scale and the amount of detail which should be 
shown for the scale selected that the judgment of the topog- 
rapher is most severely tested. This is the work in which the 
greatest degree of proficiency can only be attained after years 
of experience. The topographer must be able to take a broad 
as well as a detailed view of the country, and to understand 
the meaning of its broadest features that he may be able best 
to interpret details in the light of those features (Chap. VI). 
It is only thus that he can make correct generalizations, and 
thus that he is enabled to decide which detail should be 
omitted and which preserved in order to bring out the pre- 
dominant topographic features of the region mapped. 
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The correctness of the map depends upon: 

(1) The accuracy of the locations; 

(2) Their number per square inch of map; 

(3) Their distribution; 

(4) The quality of the sketching. 

The first three of these elements defines the accuracy of 
the map, and the greatest accuracy is not always desirable be- 
cause it is not always economical. The highest economy is 
in the proper subordination of means to ends, therefore the 
quality of the work should be only such as to insure against 
errors of sufficient magnitude to appear upon the scale of 
publication (Art. 6). The above being recognized, it is evi- 
dently poor economy to execute triangulation of geodetic re- 
-finement for the control of small-scale maps, and, providing 
the errors of triangulation are not such as are cumulative, the 
maximum allowable error of location of a point on which no 
further work depends may be set at .o1 of an inch on the 
scale of publication. 

The second condition, the umber of locations for the 
proper control of the sketching, is not easily defined. It de- 
pends largely upon the character of the country and the scale 
and uses of the map. Any estimate of it must be based on 
unit of mapped surface and not of land area. For rolling or 
mountainous country of uniform slopes or large features (Fig. 
4), from 13 to 3 locations and 2 to 5 inches of traverse per 
square inch of map should, with accompanying elevations, be 
sufficient. On the other hand, in highly eroded or densely 
wooded country (Fig. 34) as many as 3 to 6 locations and 5 to 
10 inches of traverse, per inch of map may, with accompany- 
ing elevations, be necessary to properly control the sketching. 
Again, in very level plains country (Fig. 6) less than one lo- 
cation and but 2 to 5 inches of traverse, with accurate ele- 
vations, will suffice to furnish adequate control. 

The same is true of the third element of accuracy, the 
distribution of locations. In rolling hilly country of uniform 
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slope the control should be obtained chiefly at tops and bot- 
toms and changes of slope. The same is true of heavy moun- 
tains, excepting that all summits and gaps on ridges must be 
fixed, as well as all changes in side slopes and a few positions 
distributed about the valley bottoms. In flat plains the posi- 
tions determined should be locations on the contours themselves 
and at changes in their direction. In highly eroded regions 
locations of all kinds should be distributed with consider- 
able uniformity, so as to control every change of feature or 
slope. 

The fourth element, the guality of the sketching, depends 
wholly upon the artistic and practical skill of the topographer 
—in other words, upon his possession of the topographic 
sense, which may be described as his ability to see things in 
their proper relations and his facility in transmitting his im- 

pressions to paper. This is by far the most important and 
difficult requirement to meet, and one which takes a longer 
apprenticeship on the part of the topographer than all the 
others combined. 
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SURVEYING FOR SMALL-SCALE OR GENERAL MAPS. 


9. Methods of Topographic Surveying.—Three general 
methods of making topographic surveys have usually been 
employed in the past: 

First, traversing or running out of contours by means of 
transit, chain or stadia, and level; 

Second, cross-sectioning the area under survey with the 
same instruments; and 

Third, triangulation of the territory under survey with 
such minuteness as to get a sufficient number of vertical and 
horizontal locations to permit of connecting these in office by 
contour lines. 

All three methods are slow and expensive, while the first 
two are unfitted to the survey of large areas, because of the 
inaccuracies introduced in linear or traverse surveys. 

A fourth method, and that which this book ts designed to 
expound, is that always employed by the United States Geo- 
logical Survey as well as to a lesser degree by several other 
American and European surveys. It is fitted to make topo- 
graphic maps for any purpose, on any scales, and of any 
area. This consists of a combination of trigonometric, 
traverse, and hypsometric surveying to supply the controlling 
skeleton, supplemented by the ‘‘sketching in” of contour 
lines and details by a trained topographer. In this method 
the contour lines are never actually run out nor is the country 
actually cross-sectioned. Only sufficient trigonometric con- 


trol is obtained to tie the whole together, the minor control 
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between this being filled in: first, in the most favorable tri- 
angulation country almost wholly by trigonometric methods; 
second, in less favorable triangulation country by traverses 
connecting the trigonometric points. 

There are two general methods of making a contour topo- 
graphic map which have been aptly styled the ‘‘ regular” 
and the ‘‘irregular."” These might be respectively called 
the old and the new. The old or regular method includes the 
surveying and leveling of a skeleton work of controlling 
traverse or triangulation and the cross-sectioning of the ter- 
rane into rectangular areas, the outlines of which are trav- 
ersed and leveled. In addition the leveled profiles and trav- 
erses are continued between this gridironing at places where 
important changes of slope occur, and finally the survey and 
leveling of flying lines or partial sections is extended from each 
station. By this method the base of each level section or the 
contour line or line of equal elevation is determined by setting 
the instrument in position where this level line intersects the 
profile, and using the telescope as a leveling instrument with 
its cross-hairs fixed ona staff at the height of the optical axis, 
a line is then located by tracing successive positions of a 
stadia rod or by locating by intersection successive points on 
the level line, and a line drawn through these points locates 
the contour curve. In addition, parts of several level sec- 
tions are plotted from one station by intersection on, or location 
of a staff, and by the determination of its height above or 
below the instrument by vertical angulation. In this mode 
of topographic surveying pegs are usually driven at regular 
intervals and their heights determined by spirit-level and ver- 
tical angulation. 

The new or zrregular method of topographic surveying 
consists in determining by trigonometric methods the po- 
sition and height of a number of critical points of the terrane 
and connecting these by traverses and levels, not run ona cross- 
section or rectangular. system, but irregularly, so as to give 
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plans and profiles of the higher and lower levels of the country, 
as ridge summits or divides and valley bottoms or drainage lines, 
such lines being run over the most easily traversed routes, as. 
trails or roads. With the numerous positions and heights deter- 
mined by the triangulation, and on these traverses as controlling 
elements, contour lines are sketched in by eye and by the aid 
of the hand-level on a plane-table with the country in con- 
stant view. This is the method now generally employed by 
expert topographers, and the work is so conducted that the 
development of the map proceeds with the survey of the 
skeleton and rarely necessitates the return to a station when 
once occupied. Moreover, it calls for the location of less 
points and the running of fewer traverses and profiles, and 
these over more easily traveled routes, than the former 
method. It is therefore more expeditious, cheaper, and the 
resulting map is a better representation of the surface, as it 
possesses not only the mathematical elements of instrumental 
location, which in the old method are arbitrarily connected in 
office, but also the artistic element produced by connecting 
the lines of equal elevation in the field, with the country at 
all times immediately before the eye. 

10. Geological Survey Method of Topographic Survey- 
ing.—In average country, favorable for triangulation, com- 
paratively clear of timber and well opened with roads, a skele- 
ton trigonometric survey (Chap. IX) is made, by which the 
positions and elevations of all summits are obtained, as well 
as the horizontal positions of a few points in villages or at 
road crossings, junctions, etc. This constitutes the upper 
system of contro/ (Fig. 1). Below and: between this is a net- 
work of road traverses (Chap. X) supplemented by vertical- 
angulation (Chap. XVII) or spirit levels (Chap. XV) for 
elevations, and these follow the most easy routes of travel, 
not cross-sectioning the country in the true sense, but follow- 
ing all the lower lines or stream bottoms, as well as the 
gradients pursued by roads (Fig. 2). Between these two 
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upper and lower sets of control points there are therefore 
many intermediate ones obtained by road traverses, and the 
topographer, by observation from the various positions which 
he assumes and with the knowledge he possesses of topographic | 
forms, sketches the direction of the contour lines. These are 
tied accurately to their positions by the large amount of mathe- 
matical control already obtained, supplemented by additional 
traverses or vertical angles where such are found wanting. 
(Art. 762.) 

The zastruments used are as various as are the methods of 
survey employed; the essential instruments being the 
plane-table and the telescopic alidade (Chap. VII), which 
invariably replace the transit (Art. 85) or compass (Art. 91), 
so that all surveying is accompanied by mapping at the same 
time, and there is no tedious and confusing plotting from field- 
notes to be doné later in office. Nor are any of the sa- 
lient features of the topography of the region lost through 
neglect to run traverses or obtain positions or elevations, all 
omissions of this kind being evident from an inspection of 
the map while in process of construction. The distances are 
obtained by triangulation with the plane-table (Art. 73) and 
by odometer measurements (Art. 98), supplemented off the 
roads by stadia measures (Chap. XII) or in very heavily 
wooded country by chaining (Art. 99) and pacing (Art. 95). 

The underlying principles of this method of topography 
are, first, a knowledge of and experience in various methods 
of surveying, and a topographic instinct or ability to appreciate 
topographic forms, which is acquired only after long practice; 
and, second, a constant realization of the relation of scale tothe 
amount of control required and methods of survey pursued ; 
no more instrumental work being done than is actually re- 
quired to properly control the sketching, and no more accu- 
rate method being employed than is necessary to plotting 
within reasonable limits of error. Thus, where trigonometric 
locations (Chap. IX) are sufficiently close together, crude 
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odometer-traverses (Art. 98) or even paced traverses (Art. 95) 


can be run with sufficient accuracy to tie between these with 
inappreciable errors. Where trigonometric locations are more 
distantly situated, the spaces between them must be cut up 


by more accurate traverses, as those with stadia (Chap. XII). 


or chain (Art. 99), these again being gridironed by less aecu- 
rate odometer or paced traverses. Again, a primary system 
of spirit-leveling (Chap. XV) or accurate vertical triangula- 
tion (Chap. XVII) is employed only for the larger skeleton, 
these elevations being connected by, less accurate vertical- 
angle lines or flying spirit-levels, and these again by aneroid 
(Art. 176), each method being employed in turn so that the 
least elements of control obtained may still be plotted well 
within a reasonable limit of error in horizontal location of 


contour line. 


Finally, speed and economy are obtained by traveling 


the roads and trails in wheeled vehicles or on horseback, at a 
rapid gait from instrument station to instrument station; the 
slower process of walking being only resorted to where roads 
and trails are insufficient in number to give adequate control 
and view of every feature mapped. 

II. Organization of Field Survey.—The party organiza- 


tion and the method of distributing the various functions of 


topographic surveying among the members of the party must 
necessarily differ with the scale of the map and the character 
of the region under survey. The work involved in making a 
topographic or geographic map may comprise four operations: 

First. The location of the map upon the surface of the 
earth by means of astronomic observations. 

Second. The horizontal location of points, which is usually 
of three grades of accuracy: primary triangulation or trav- 
erse; secondary triangulation or traverse; and tertiary trav- 
erse and meander for the location of details. 


Third. The measurement of heights, which usually ac- 


companies the horizontal location and may be similarly di- 
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vided into three classes, dependent upon their degree of 
accuracy. 

Fourth. The sketching of the map. 

If the area under examination is small or the scale be of 
topographic magnitude, the first of the foregoing operations 
may be omitted, when the topographic party will have (1) 
To determine the horizontal positions of points; (2) To 
measure the heights of these points; and (3) To sketch in the 
map details as controlled by the horizontal and vertical loca- 
tions so procured. 

Where map-making is executed for geographic or explora- 
tory purposes and on asmall scale in open triangulation coun- 
try, as that in the arid regions of the West, the skilled force 
may consist of only the topographer in charge. Where the 
map scale is increased up to topographic dimensions or the 
country is hidden from view by timber or because of its lack 
of relief, the topographer may be assisted by one or more 
aides whose functions will be variously performed according 
to the conditions of the country. 

12. Surveying Open Country.—In making a geographic 
map on scales varying, say, from one-half mile to four miles to 
the inch in open, rolling, or mountainous country suited to tri- 
angulation, all sketching and the execution of the plane-table 
triangulation (Chap. IX) or other control should be done by 
the topographer incharge. He may be aided by one to three 
assistants according to the speed with which he is able to 
work and the difficulties encountered by the assistants in 
leveling (Chap. XV). It is assumed that the topographer has 
a fixed area to map, and that within this area he is in posses- 
sion of the geodetic positions (Chap. XXIX) of two or more 
prominent points and the altitude of at least one. 

With the positions of these points platted on his plane- 
table sheet (Art. 188) he proceeds, as outlined in Article 54, 
to make a reconnaissance of the area for the erection of sig- 
nals and to locate prominent points on summits and in the 
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lower or drainage lines of the country by plane-table triangu- 
lation (Art. 73). Meantime, one assistant may be running 
lines of spirit-levels (Chap. XV) for the control of the verti- 
cal element, while one or two assistants are making odometer 
(Art. 98) or stadia traverses (Chap. XII) of roads or trails for 
the control of the sketching and the mapping in plan of the 
roads and streams. This preliminary control executed, the 
topographer adjusts to his triangulation locations the traverses 
run by the assistants (Art. 81), and writes upon them in 
their proper places the elevations determined by leveling or 
or vertical angulation (Chap. XVII). 

In Fig. 1 is shown a typical ¢rzangulation control sheet, 
the directions of the sight lines being indicated so as to show 
the mode of derivation of the various locations. The stations 
and located intersection points are numbered in order to show 
the sequence in which they were procured. The ¢raversing 
executed for the same region is illustrated in Fig. 2, from 
which it will be seen that merely the plans of the roads with 
their various bends, stream crossings, and the houses along 
them were mapped. Hill summits and other prominent ob- 
jects to one side or other of the traversed route were inter- 
sected (Art. 84) in order to give additional locations and to 
facilitate the adjustment of the traverse to the triangulation. 
The closure errors of the various traversed circuits are shown, 
and an inspection of these makes it clear that in every case 
the errors in traverse work are so small as not to affect the 
quality of the control, because the adjustment of the traverses 
by means of points on them which are located by the plane- 
table triangulation will distribute the errors in the various 
road tangents in such manner as to make them imperceptibly 
small on the resulting map. The product of such adjustment 
is shown on Fig. 3, which is the base on which the topog- 
rapher begins his sketching. On this sketch sheet are the 
locations obtained by him in the execution of his plane-table 
triangulation, the traverses as adjusted to this control, and 
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elevations from vertical angulation or spirit-leveling written 
in their appropriate places. 

If the work be the making of a topographic map on scales 
larger than those above described, and the country be still of 
the same topographic character—namely, open, with salient 
summits,—a system of control similar to the above must in like 
manner first be cxecuted by the development of plane-table 
triangulation and the running of control, traverse, and level 
lines. But the after-work of sketching the map will be con- 
ducted in a different manner than for the smaller scales, 
because of the greater detail required, the shorter distances 
to be traveled by the topographer in performing the work, 
and his consequent nearness to the various features which he 
is to map. 

13. Sketching Open Country. — Having the control 
platted on the sketch sheet as shown in Fig. 3, and where 
roads are sufficiently abundant to cut up the map with trav- 
erses so near one to the other that the topographer may not 
have to sketch more than one-half to one inch to either side 
of his position, the sketching of the topography proceeds as 
follows: 

Taking the sketch sheet on a board in his lap, the topog- 
rapher for cheapness and convenience, because of the speed, 
drives over every road. Where these are not sufficiently near 
one to the other he walks in between them, pacing distance 
(Art. 95), and getting direction by sighting fixed objects, 
while he sketches the plan of the contour lines (Art. 193) as 
far as he can safely see them to either side of his path. This 
operation is performed by setting out from such fixed points 
as a road junction, a located house, or a stream crossing, the 
position of which is platted on his map and the elevation of 
which is known. Adjusting the index of his aneroid at the 
known elevation (Art. 176), he drives along, ‘keeping the 
platted direction of the road parallel to its position on the 
ground and marking on the map the positions at which the 
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various contours are-crossed by his route. Thus, if his contour 
interval be twenty feet, at every change of twenty feet as indi- 
cated by the barometer he stops, and, knowing his position 
on the map either by reference to bends in the roads, houses, 
or by having counted the revolutions of his wheel from a 
known point, he glances along the trend of the slopes to one 
side or the other, following by eye the level line of his con-, 
tour, and this he sketches in horizontal plan upon the map. 
At first he may be aided in this by a hand-level (Art. 156), 
but as he acquires skill with practice he is able to estimate 
the position and direction of the contour line to either side 
with great accuracy, and finally to interpalate other contours 
above and below that on which he is placed with such preci- 
sion as not to affect the quality of the resulting map by a con- 
tour interval. 

The aneroid being an unreliable instrument, he must not 
drive more than two or three miles without checking it at a 
well-determined elevation. This he is usually able to do at 
houses, or hill-summits, or other points the positions of which 
have been determined by his prior control. If he is not able 
so to check his aneroid, he hastily sets up his plane-table, 
reads with the telescopic alidade a few vertical. angles (Art. 
162) to hilltops or houses in sight and the elevations of which 
are known, and, with these angles and the distances which he 
can measure from his position to the points sighted as shown 
on the adjusted control, he is at once able to compute the 
elevation of his position (Art. 161) within two or three feet 
and thus check his aneroid. At the same time he is in simi- 
lar manner able frequently to throw out other elevations by 
sighting from the position thus determined to houses or sum- 
mits near by which may have been located by the traverse 
(Art. 84), and the heights of which he determines now from 
his angulation. The topographer thus sketches the whole 
area assigned him, not only mapping the contours, drainage, 
political boundaries, and other topographic features, but also 
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checking the positions of houses and summits and the direc- 
tions and bends of roads and streams as located by the trav- 
erseman (Fig. 4). 

Where the hills are more prominent and the slopes bolder 
and steeper, the topographer sketches these from his various 
view points by ¢xterpolating contours between the located con- 
trol points. With the sketch-board in his lap or on the tripod 
and approximately oriented, looking about in various direc- 
tions at hill-summits, houses on slopes, spurs, etc., which 
may with their elevations be platted on his map, he first 
sketches in plan the streams and drainage lines as well as the 
directions of slopes. Then he sketches the position of con- 
tour lines about such control points as summits, salients, and 
his own position. With these as guides he is then unable to 
go astray in the interpolation of the intermediate contours 
which complete the map of the area immediately about him. 

The sketching of the topography for /arge-scale maps dif- 
fers rather in degree than inkind fromthe above. The large- 
scale map covering as it does a relatively small area, the to- 
pographer is not under the necessity of traveling with such 
speed as to necessitate his using wheeled conveyance. At 
the same time the largeness of the scale places the roads at 
much greater distances apart on the map and necessitates his 
traveling between these to greater extent. It will thus 
be seen that the scale and the ability to travel over the coun- 
try work harmoniously one with the other. For the smaller 
geographic scales the roads are so close together on the map 
as to afford sufficient control and sufficient number of viewing 
points for sketching the topography of the average open 
country, whereas on large-scale topographic maps these 
roads are in plan much farther apart, but the time consumed 
in walking between them is a comparatively small item be- 
cause of the decrease in the distances to be covered. 

In sketching a large-scale map the topographer will have 
about the same relative amount of primary control as above 
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indicated. Starting out with some known point and on foot, 
accompanied by one or more stadiamen, he sets up and ori- 
ents his plane-table, and, having considerable areas to fill in 
on his map between his present position and his next recog- 
nizable natural feature, he posts the stadiamen at convenient 
changes in the slope of the country or at houses or trees or 
bends in the streams, and drawing direction lines and reading 
distances by stadia to these positions he obtains additional 
locations to control the sketching (Art. 101), which is exe- 
cuted as above described. In the progress of this work he 
not only determines horizontal positions by sighting to the 
rods held by his stadiamen, but also the vertical positions 
of the same points (Art. 102). For very large-scale maps 
and under some conditions the work may be expedited by 
permitting the assistants to sketch the contours immediately 
adjacent to their stadia stations, and these sketch notes must 
be given the topographer at frequent intervals to be trans- 
ferred to his map. In this manner one topographer may 
handle from one to three stadiamen, providing he uses judg- 
ment in the selection of his and their positions. For smaller- 
scale topographic mapping the work may be expedited by the 
stadiamen riding on horseback from one position to another, 
or even by the topographer himself using this means to get 
about. 

14. Surveying Woodland or Plains.—The securing of 
control in densely wooded country, as that of the Adirondack 
region or the woods of Minnesota, Michigan, and of Washing- 
ton; or the securing of control for very flat plains country, 
as that of the Dakotas and Nebraska, is accomplished by dif- 
ferent means than must be adopted in open triangulation 
country. Be the scale of the resulting map large or small, the 
primary control may be obtained most economically either 
by triangulation or by traverse methods. If the country is 
wooded and rolling, it may be more economical to clear the 
higher summits or to erect high viewing scaffolds upon them, 


34 SURVEVING FOR SMALL-SCALE MAPS. 


from which to conduct a skeleton plane-table triangulation. 
Intermediate positions may be obtained by placing signal- 
flags in tall trees and locating these by intersection or using 
them to obtain other positions by resection. With prac- 
tice the topographer will thus triangulate the most forbid- 
ding woods country more expeditiously than it could 
otherwise be controlled, by taking advantage of every out- 
look, as a rock on a hillside, a lake, a small clearing for a 
farm, or by clearing or signaling the commanding summits. 
He will thus occupy only such points as those just described, 
locating by intersection (Art. 73) from them the flags on the 
more wooded and forbidding ones which may be the more 
commanding positions, and using the latter again for carrying 
on his work by resection (Art. 74). 

In level plains or in wooded plateau land the control 
may of necessity be executed only by traverse methods. In 
such case where the scale is of geographic dimensions one or two 
astronomic stations should be determined (Part VI), or for 
larger scales it may suffice to assume the initial position. From 
this primary traverse lines should be run (Art. 226) at con- 
siderable distance one from the other, depending upon the 
scale. For the one-mile scale a nearness of fifteen to twenty 
miles willsuffice. Forthe two-mile scale these primary traverse 
lines may be double the distance apart; fora large topographic 
scale a relatively smaller distance, depending upon the map 
scale; for all scales a distance corresponding to fifteen to 
twenty-five inches on the map according to the topography. 

Between these primary traverse lines others of less accu- 
racy should be run as a secondary control. On these dis- 
tances should be measured by wheel (Art. 98) when the 
vehicle can be driven in straight tangents, by stadia (Art. 
IOI) in open irregular country, or by chain (Art. 99) or tape 
(Art. 97) through underbrush or dense wood. Elevations 
will be secured in the woods by vertical angulation to stadia 
(Art. 102) or by spirit-leveling (Chap. XV); in the open 
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or plains by vertical angulation to fixed objects, as the 
eaves or chimneys or window-sills of houses, the platforms of 
windmills, etc. (Art. 160), or to the stadia-rod, as well as by 
spirit-leveling. The secondary traverse is usually executed 
by the party chief while his assistants are engaged in tertiary 
traverse for the filling in of topographic details or the procur- 
ing of vertical control. 

The primary and secondary control having been procured 
as above, this should be platted on sketch sheets of the cus- 
tomary large plane-table size for open country (Art. 68), and 
preferably in small detached pieces placed on small boards of 
about six inches square, where the latter have to be carried 
through woods and underbrush. These control sheets will be 
not dissimilar to those described in Article 13, excepting that 
they will lack the location of points procured by angula- 
tion and will consist almost wholly of platted traverse lines. 
In order that the topographer when sketching may identify 
these lines on the ground, trees must be frequently blazed 
in woods when the traverses are being run and station num- 
bers or elevations be written on the blazings. 

15. Sketching Woodland or Plains.—With the control 
platted on the sketch sheet as just described, the topographer 
in plains work starts out and drives over the country much as 
described in Article 13, traveling over all the traversed roads and 
checking his aneroid by setting in at known elevations or by 
angulation to and from buildings and similar objects. As the 
ccuntry is relatively flat, the contour lines are at considerable 
distances apart in plan, and consequently a very small differ- 
ence in vertical elevation makes a considerable change in the 
horizontal location of a contour. Therefore the determina- 
tion of the vertical element should be of greater relative accu- 
racy, that the resulting map may be correct. 

In the woods the sketching is executed in an entirely dif- 
ferent manner. Little skill is required in the depiction of 
the topography, as it is impossible to see the country and 
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therefore to sketch it in the ordinary sense. The topographer 
is limited to sketching that which is directly under foot—in 
other words, to mere contour crossings—and in order that 
these may be connected the traverses must be much nearer 
together, and not only the topographer but his more skillful 
assistants are all engaged in sketching and traversing at the 
same time. Starting out with the primary and secondary 
control as obtained in the last article, the topographer travels 
over those traversed routes which have been blazed and 
sketches the contours upon these while his assistants run addi- 
tional traverses over controlling routes, as along stream beds 
and ridge crests, and so close together as to completely 
command all the country under foot. These traverses will 
be of crude quality, directions being obtained by sight alidade 
(Art. 62) and traverse-table (Art. 61), and distances by pacing 
(Art. 95) or by dragging a light linen tape (Art. 97).. Each 
day the topographer must adjust to his control sheet the 
traverses with accompanying sketching as executed by his 
assistants. With sucha skeleton of topography on highest 
and lowest lines, i.e., contour crossings of streams and ridges, 
he can readily interpolate contours for most of the inter- 
_mediate spaces and, following after his assistants, fill in those 
places which are not fully mapped. 

In the execution of a survey under such conditions the 
topographer’s work is largely supervisory and consists chiefly 
in the management of the work of his assistants, the adjust- 
ment of their sketching, and its inspection as he fills in the 
details omitted by them. There is little room for them to go 
astray, because they only sketch that which they walk over. 
The topographer should invariably reserve for himself the 
higher ridges, the ponds, and the more open places in order 
that quality and speed may be obtained by the utilization of 
his skill in that work which gives some opportunity for sketch- 
ing at a distance from the traveled route. 

16. Control from Public Land Lines.—In the western 
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United States where the public land surveys have been exe- 
cuted in recent years and with sufficient accuracy to furnish 
horizontal control, this may come almost wholly from the 
township and section plats filed in the United States Land 
Office. The topographer takes into the field paper on which 
sections and quarter sections are ruled and numbered. On 
these he writes at the proper section corners the elevations 
as determined from the primary spirit-levels (Chap. XV). He 
also indicates on the northern and western margins of each 
township the offsets and fractional sections as shown on the 
published land plats (Fig. 5). At some period during the 
progress of field-work the topographer adjusts the land-line 
work to positions determined either by primary triangulation 
(Chap. XXV) or traverse (Chap. XXIII), supplementing this 
by additional control where necessary. 

17. Sketching over Public Land Lines.—With the con- 
trol sheet prepared as described in the last article, the topog- 
rapher proceeds to drive over the section lines on which roads 
have been opened. The control sheet is attached to a plane- 
table board. Starting from a known section corner, he drives 
in a straight line down one of the section lines to other sec- 
tion corners, determining his position by counting revolutions 
of the wheel (Art. 98) and sketching contour crossings as he 
progresses. 

Starting out with a known elevation from  spirit-levels 
(Chap. XV), he determines other elevations as he proceeds by 
setting up his plane-table at a section corner or opposite a 
house which he can locate by odometer distance, and reads 
vertical angles from the point of known elevation to houses, 
windmills, or other objects in sight (Art. 162), drawing direc- 
tion lines to them as an aid in their identification (Art. 84). 
Driving on until he comes to one of these objects and being 
thus able to locate it on his plane-table, he measures the dis- 
tance from it to the point from which the angle was taken and 
at once computes his elevation (Art. 161). Or, setting up his 
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plane-table board from some known position, as determined 
from his section lines and odometer, he reads vertical angles to 
houses or windmills, the heights of which have already been 
determined by vertical angulation, and thus brings down to 
his present position an elevation by means of the angle read 
and distance measured on his board. In conducting vertical 
angulation in this manner care must be taken to sight at some 
well-defined point, as a platform or top of a windmill, the 
‘gable or top of a house or top of door-sill, etc. 

As the sketching is a comparatively simple process under 
these conditions because of the flatness of the terrane, his 
work may be expedited by permitting his more skillful asszs¢- 
ants to aid in sketching. In order that he may control their 
work he drives and sketches over those roads which parallel 
the roads of his assistants on either side, and in such manner 
obtains a clear insight into the work performed by them. 
The assistants may determine elevations either by vertical 
angulation, as does the party chief, or by aneroid frequently 
checked, say at distances not exceeding two miles between 
the better elevations obtained by the topographer. On such 
a sketch sheet as it comes from the plane-table board (Fig. 6) 
the roads have been clearly marked over the section lines and 
additional diagonal roads have been traversed or sketched 
directly on the plane-table board, controlled by section cor- 
ners, the outlines of lakes having been obtained by stadia 
(Art. 101). 

Where the topographic map is made at the same time as 
the subdivision of the public lands, as was the case in the 
Indian Territory surveys of the United States Geological 
Survey, the cost of executing the topographic survey scarcely 
exceeds the cost necessarily involved in making the land sub- 
division or cadastral survey. The only additional cost in the 
execution of the topographic survey is that for leveling. 
Fig. 33 is an example of the cadastral map resulting from 
such a survey of the public lands. The topographic map of 
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the same region corresponds in appearance almost identically 
With that shown in Fig. 6, being shorn of the various sym- 
bols used on the Land Survey Maps. 

18. Cost of Topographic Surveys.—As indicated in 
Tables I, IJ, and III, the cost of topographic surveying 
varies widely with the character of the country, the scale of 
the map, and the contour interval. Such topographic surveys 
as are executed by the United States Geological Survey range 
in cost for maps of a scale of one mile to the inch and 20-foot 
contour interval, similar to those described for open country 
in Articles 12 and 13, from $5.00 to $8.00 per square mile. 
Such as are described in Articles 14 and 15, for plazus or 
woodland, range in price from $3.00 to $4.00 per square mile 
for the former to between $15.00 and $30.00 for the latter. 
The highest-priced work of this kind which can be executed 
being the woodland survey, and the cheapest country to map 
topographically being the open plain. 

Land-survey country, as that instanced in Article 16, which 
is a survey of a portion of North Dakota, ranges in cost from 
$1.25 to $2.00 per square mile, where the topographic map is 
made ona scale of two miles to one inch and in 20-foot con- 
tours. For the same scale and in mountainous country, as 
that of the South and West, the cost is from $3.00 to $8.00 
per square mile. 

If any endeavor is made to do work for other purposes 
than the procurement of a topographic map, as for che deter- 
mination of land lines or the staking out of canals or railroads, 
the cost of the survey is at once greatly enhanced. It is this 
which has added so greatly to the relative cost as shown in 
the tables cited of some private topographic surveys as well 
as of the cadastral surveys. 

19. Art of Topographic Sketching._-Mr. A. M. Well- 
ington aptly said of topographic surveying that ‘‘ the sketch- 
ing of the form of the terrane by eye is truly an art as 
distinguished from a science, which latter, however difficult it 
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may be, is always susceptible to rigorous and exact analysis. 
An art, on the other hand, is something which cannot be 
taught by definite, fixed rules which must be exactly fol- 
lowed, though instruction may be given in its general prin- 
ciples.” 

In representing the heights and slopes of a given piece of 
country by contour liries, every case presents some peculiari- 
ties which must be met, as they are presented, by the topog- 
rapher’s own resources. No hard-and fast limit of minute- 
ness of detail can be previously fixed. The scale chosen for 
the topographic map limits this to a certain extent, but its 
exact limits must be set by the topographer’s own experience 
and good judgment, that he may dzscriminate between impor- 
tant and trifling features; those which are usual and common 
to the region being mapped, and those which are accidental 
or uncommon, and which should therefore be accentuated. 
Above all, the topographer must exhibit an alertness to dis- 
tinguish as to what amount of detail should be omitted and 
that which should be included. Hesitancy in this is the chief 
source of slow progress. Valuable time may be wasted in 
the representation of features which may be lost on the scale 
of the work and which are common in all localities to the 
topographic forms being sketched ; while features characteristic 
of such special topographic forms as those produced by erup- 
tion, erosion, or abrasion, or those indicative of the structure 
of the region and which give distinctive character to its topog- 
raphy, may be lost sight of or be covered up in the map by 
too careful attention to minute details. 

The characteristic features of a terrane are best observed 
from a point nearly on the same level; and as between 
sketching features from above or below for a reasonable 
range, sketching from below is the better, as features viewed 
from any considerable height above are apt to appear dwarfed 
and much detail of undulation of the surface lost sight of. 
Yet, as a precise representation of the land requires sketch- 
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ing its forms from numerous positions at intervals not far 
apart, the necessity will rarely arise of observing surface 
forms from points of observation much above or below the 
surface represented, excepting in case of very small scale 
geographic or exploratory surveys. 

20. Optical Illusions in Sketching Topography.—In 
sketching topographic forms by eye there are a number of 
optical illusions to which it is well to call attention, though 
the effect of these can be entirely overlooked in the sketching 
of detailed topography such as would bé mapped on scales 
less than one mile to the inch. But for the sketching of 
topographic maps on smaller scales, where the eye has to be 
more depended upon, these illusions become more important. 
Most of these have been well classified by Mr. A. M. Welling- 
ton in his admirable work on railway location, and they are 
here summarized, with variations, from that work. Among 
the more serious of such illusions are the following: 

1. The eve foreshortens the distance in an air line and 
materially exaggerates the comparative length of a lateral off- 
set so as to greatly exaggerate the loss of distance from any 
deflection. 

2. The eye exaggerates the.sharpness of projecting points 
and spurs, and accordingly exaggerates the angles, 

3. In looking, however, at smooth or gentle slopes from 
a distance, the tendency of the eye is to decrease the angle so 
that in such country as the rolling plains of the West slopes 
look much gentler, the inclinations much less, than they are in 
fact. 

4. In this connection the eye is liable to make s/opes 
looked at from a distance appear steeper and higher than they 
are in fact, when they are compared with known slopes and 
elevations of lesser dimensions near by. 

yb Again, the unaccustomed eye, which mentally meas- 
‘ures all dimensions by referring them to those with which it 
is acquainted, is apt to make a divide or pass appear lower 
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than a nearer divide or pass to which it is referred in one 
sweep of the vision, whereas it may be higher (Fig. 7). 


Fic. 7.—OpTicAL ILLUSION AS TO RELATIVE HEIGHTS OF DIVIDEs. 
A is nearer and lower than ZB. 


6. The eye invariably exaggerates the steepness of the slopes 
of mountains, these appearing to have inclinations of from 60 
degrees to almost vertical, whereas in fact the steepest slopes 
are rarely as great as 45 degrees. 

7.. The eye trained to estimate slopes and distances in 
regions of large topographic features—that is, regions of ex- 
treme relief or differences of elevation—will be at a disadvan- 
tage in making similar estimates in a country in which the 
differences of elevation are small. The tendency of one 
accustomed to estimating the topographic forms in the Rocky 
Mountains, where differences of elevation and distances visible 
to one sweep of the eye are great, will be to overestimate 
heights and distances in the less rugged country of the Eastern 
States, where great detail in topography exists, and thus de- 
ceives the eye into an exaggerated notion of the amount of the 
relief. 

8. In viewing the terrane with an idea of estimating its 
roughness as affording a possible route for railways, canals, or 
similar works, a rugged mountain gorge with occasional pre- 
cipitous narrows, separated by river flats, may appear much 
more difficult and much rougher than it is in fact. This is 
especially so as compared with a gently undulating or rolling 
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country, which, when viewed from a distance, appears to be 
comparatively level, while a nearer view will show it to be full 
of elevations or depressions which will render construction 
most expensive, because of the rapid and numerous succession 
of large cuts and fills. 

The effect on the eye and the mind is to exaggerate the 
ruggedness of a country which is difficult to travel because of 
such impediments as broken stone, fallen timber, creeks, and 
swamps, whereas a region where travel is easy and free, as in 
open rolling plains country or where good roads abound, is 
often estimated to be much simpler and more level topo- 
graphically than is the other region. 


CHARTER AIL. 
SURVEYING FOR DETAILED OR SPECIAL MAPS. 


21. Topography for Railway Location.—Some of the 
worst errors in engineering location originate in reconnais- 
sance, for the reason that the average reconnaissance sur- 
veys are not of areas, but of routes or lines, and there is great 
danger of serious error in the selection of the line to be sur- 
veyed. It may, accordingly, be stated that a railway recon- 
natssance should not be ofa line, but of an area sufficiently 
wide on each side of an air line between the fixed termini to 
include the most circuitous routes connecting these. The 
results of such a survey should be embodied in a topographic 
map of greater or less detail, according to the nature and ex- 
tent of the country. If the reconnaissance be of a great rail- 
road, such as some of the Pacific roads, built through hun- 
dreds of miles of unknown country the resulting map should 
be on a small scale, perhaps 2 to 4 miles to the inch, and 
with contour intervals varying from 20 to 100 or 200 feet, 
according to the differences of elevation encountered and the 
probable positions of several locations. With such a map 
the number of possible routes may be reduced to two or 
three, and a more detailed topographic survey should then 
be made of these on which to plan the final location. 

As ordinarily practiced, topographic surveys for railways 
are made by the older methods, with transit and chain or 
stadia and with spirit-level; notes of the surveys are kept with 
accompanying sketches in note-books, and these are reduced 
to map form in the office. The same results can be much 
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more satisfactorily and more rapidly procured by using the 
plane-table in place of the transit, and the resulting map, 
being plotted in the field, is a more accurate and available 
representation of the terrane than can possibly be made from 
plotting notes in an office. 

The Germans, who are very thorough in taking topography 
for railroads, divide the work into three separate surveys of 
different degrees of accuracy: first, recourse is had to the 
government topographic maps on a scale of approximately 
1: 100,000, and on this a preliminary route or routes are laid 
down: second, a more detailed topographic survey is made in 
the field ona scale of 1:2500 as a maximum or I: 10,000 as 
a minimum, with contour lines of 15 feet interval. This map 
is limited in area from a few yards to a few hundred yards in 
width, according to the nature of the country. Where no 
previous small-scale topographic survey exists, the base 
of this more detailed or second survey is atransit (Art. 87) 
or plane-table (Art. 83) and level (Art. 129) traverse, follow- 
ing as nearly as possible the approximate route of the pro- 
posed railway. Bench-marks (Art. 135) are established along 
this at distances of from 500 to 1000 feet, by which the ane- 
roid may be checked. With this transit line completed on 
the proper scale, the topographer goes over the ground and, 
by means of distances from pacing (Art. 95) or odometer 
(Art. 98), and elevations by aneroid (Art. 176), constructs a 
hasty contour map on which are indicated all roads, water- 
courses, structures, high-water marks of bridges, width and 
height of existing bridges and culverts; and all other necessary 
topographic details as to the position of rock masses, strike 
and dip of strata, swamps, springs, quarries, etc. 

On such a map as this, hastily and cheaply made, it is 
possible to plan the detailed topographic map, limited from a 
few yards to 100 or 200 yards in width and covering what 
will practically be the final route of the located line as 
obtained from the second survey. . This final detailed survey, 
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from which the paper location is to be taken, should be on 
a scale of from 1:500 up to 1:1000 and with contours of 
about 5 feet interval, more or less, according to the nature 
of the land. There is plotted on the plane-table sheet the 
transit and level base line previously run for the second 
survey, and the instruments now used by the topographer are 
of a more accurate nature, consisting of a plane-table (Arts. 
58 and 83) for direction and mapping, two or more stadia 
rodmen for distances (Art. 102), while elevations are had 
by vertical angles with the alidade (Art. 59). On this final 
map are shown much the same topographic details as on the 
second, but all are more accurately located and the eleva- 
tions are of a more refined nature. The data furnished by 
this final map will serve all the purposes of making a last 
paper location of the line, from which the engineer will in 
the field possibly deviate according to the appearance of the 
route traveled as presented to his eye when the location is 
laid down. 

Mr. Wellington’s location of the Jalapa branch of the 
Mexican Central Railway (Fig. 8) is an excellent example of 
a detailed contour topographic map for railway location. 
This was platted in the field on the scale of 1: 1000, or about 
834 feet to 1 inch. The contour interval was 2 meters, or 
G256 fect: 

22. Detailed Topographic Surveys for Railway Loca- 
tion.—Prior to making the location, which may be made in 
part from the notes of preliminary surveys, a narrow belt of 
topography should be mapped in detail, its width being re- 
stricted as far as possible, providing the preliminaries have 
been skillfully conducted or have been preceded by a small- 
scale topographic map executed with especial care along the 
‘possible routes of the location (Art. 21). On the detailed 
topographic map a paper location may be made, from which 
full notes of the alignment can be derived, the points of curve: 
and tangent taken off, and a profile of the paper location pre- 
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pared. As has been stated of topographic maps for general 
purposes, the topographer should not trust too much to eye 
in sketching in his contour curves. For the making of the 
paper location the topography should be as exact and the con- 
tour lines should be as accurately placed as the scale of the 
map will permit, in order that a line may be located upon the 
map and a profile called off from it which shall agree as closely 
as possible with the subsequent transit location and spirit- 
level profile. 

In making such a map it is neither necessary nor possible 
to locate every point on each contour, the horizontal and ver- 
tical locations of the contours being at such distances apart 
that their projections on the map will be so close together 
that in connecting them by eye in the field the topographer 
cannot go astray by an appreciable distance. With a detailed 
contour map made as described for the location of canals (Art. 
23), a grade contour or location line may be drawn which will 
show where the plane of the roadbed will cut the natural sur- 
face and from which it will at once be seen whether or not the 
location is the most favorable the topography will permit. 

The error into which many have fallen is in assuming too 
much or too little for the topography as a guide to location. 
The topographic map fails to show many essentials requisite 
in making a location, as it gives no evidence of the materials 
to be encountered, nor does it convey an adequate idea of the 
magnitude of the excavations and fills. The topographic 
map must be supplemented by a careful vzsual reconnatssance 
of the tine which it covers. Such topography should there- 
fore be restricted in its width and amount, and no attempt 
should be madeto make a final location from sucha map. On 
the other hand, where a topographic map is not made, and too 
much reliance is placed on the visual reconnaissance of the 

country, the greatest errors are at once introduced in encoun- 
tering a bad system of gradients, in overlooking important 
towns, or in otherwise selecting inappropriate routes. 
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In planning the location on a detailed topographic map, 
the engineer should begin at a summit or similar fixed point, 
assuming or taking from a guide-map an initial elevation. 
Then with a pair of dividers he should step off such distances 
that these will correspond to the grade chosen and their 
termini end on the map above or below such contours as will 
give the proper differences in elevation to produce such grades. 
By this means a grade contour can be sketched in on the map 
and then connected by tangent lines. The latter must, in 
turn, be connected by throwing in curves the radii of which 
shall be as large as possible, care being taken that the grades 
on these shall be properly compensated. With such a paper 
location it is then possible, by means of scale and protractor, 
.to take off the directions and distances in a note-book, when, 
with these as a guide, the located line may be run on the 
ground and changed or modified in the field as the visual 
observation of the engineer may suggest. 

Speed in mapping railway topography varies greatly with 
the scale selected and the character of the land mapped. 
One party working in flat, desert country in Utah ran 20 
linear miles in a day of g hours, including running of spirit- 
levels. The same party working later in mountainous country 
in Washington averaged during a long period of time less than 
4 mile a day, in one instance working six weeks on a location 
through 14 miles of canyon. A party working on railway 
location and mapping topography on the plains of Kansas 
made an average speed of 2.1 miles a day at an average cost, 
including all expenses, of $11.03 per linear mile. The Utah 
work averaged about $2.50 per mile, and the cost of much of 
the Washington work exceeded $100.00 per linear mile. 

23. Topographic Survey for Canal Location——Surveys 
for canal lines or lines of conduits, etc., are best made by having 
the leveling (Chap. XV) precede the plane-table or transit 
work. The level will then run out a grade contour having the 
requisite fall per mile, and the transit (Art. 87) or plane-table 
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(Art. 83) with chain measurements (Art. 99) will follow the 
level, locating this grade contour. Topography may be 
taken on either side by stadia (Art. 101) and plane-table so 
that in the final location of the canal the preliminary grade 
contour may be shifted to suit the sketched topography, 
much as the line of a railway location would be shifted from 
similar data (Art. 22). 

An interesting example of a detailed topographic survey 
for the final Jocation of an irrigation canal is that made by Mr. 
J. B. Lippincott of the Santa Ana Canal, through a rocky can- 
yon. This location was made upon a carefully prepared 
topographic map drawn on a scale of 50 feet to 1 inch, with 
contour interval of 5 feet. The maps were plotted from cross- 
section notes based on two connected and approximately par- 
allel preliminary lines, the contour curves being sketched in the 
field to indicate intervening irregularities of surface. The 
preliminary controlling lines were carefully run with transit 
and chain, were frequently connected, and had a vertical in- 
terval of 70 feet. The space between and for thirty feet 
above the upper line, or for a total of 100 feet vertically, was 
carefully contoured. From the map thus prepared a more 
accurate cross-sectioning was made, and from these notes a 
new contour map of the ground was prepared on a scale of 30 
feet to an inch over the more difficult portions of the line, : 
after a preliminary location had been selected on the first con- 
tour map. Fig. 9 gives a plat of one of the roughest por- 
tions of this line, and on it are shown in small circles the 
various points located on each contour. The plane-table was 
used and was set up generally as shown by the station num- 
bers and triangles on the preliminary and plotted traverses, 
and directions were measured to stadia-rods held at various 
points on the 10-foot contour lines (Art. 101). The posi- 
tions of the contour lines at these points were therefore 
plotted, and the corresponding clevations were immediately 
connected as contour lines on the plane-table sheet. In this 
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way enough points were located on each contour to sufficiently 
control it, and the immediate 2-foot contour lines were in- 
terpolated by eye estimation in the field. 

In doing this work ¢hree various methods were tried : (ay. 
by locating the contour lines with slope-board and rod; (2), 
by locating the contours at right angles to the stations occu- 
pied by a levelman using a hand-level (Art. 156); and (3), 
by means of the plane-table and stadia (Art. 101). Mr. Lip- 
pincott says that as a result of these tests there is no question 
between the quality of the three classes of work; that without 
plane-table the work had to be plotted up in office and located 
points connected by estimation or from rough sketches; with 
the plane-table the same points were plotted immediately, 
in the field, and the connections between these made with the 
terrane in view, and that the resulting map by plane-table 
much more accurately expressed the slopes of the land than 
did the maps made by the other methods. The speed by the 
various methods was about the same. The party consisted 
generally of five persons, including the topographer, levelman, 
and rodman, and the speed was from 2500 to 4000 linear feet 
per day, actually locating four 10-foot contours and sketching 
in five or six more, a total of 100 feet vertical interval, and 
interpolating the 2-foot contours. Where side canyons and 
ravines were passed the slope-board was found to be entirely 
inadequate and helpless, while by the use of levelman and 
hand-level without the plane-table, and with taped traverse 
lines, the conditions were improved, but the work was of 
the crudest character so far as its topographic expression was 
concerned. 

An example of a preliminary topographic survey of a 
canal line, made under the author with plane-table and ona 
small scale to determine the possibility of bringing the water 
from a stream or reservoir to certain lands for purposes of - 
irrigation, is illustrated in Fig. 10. The scale of this illus- 
tration is denoted by -the land section lines, each section 
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being a mile on a side.. The original survey was made on 
a scale of 3000 feet to the inch, with a contour interval of 4 
feet. The plane-table was accompanied by a spirit-level to 
determine grade, in order that the canal line might be given 
the required fall per mile. 

24. Surveys for Reservoirs.——In making surveys of 
reservoirs for storage of water for city water-supply or for 
irrigation and similar purposes, the scale and contour interval 
depend necessarily on the dimensions of the reservoir. The 
former should be from 400 to 1000 feet to the inch, and the 
latter from. 2 to 5 feet vertical interval. Special surveys 
shculd be made of possible sites for dams and waste-weirs on 
larger scales and with a contour interval of 1 or 2 feet, and 
several cross-sections of the dam site should be run and the 
topography taken in detail for a sufficient distance above and 
below the center line. If sufficient borings or trial-pits are 
sunk, a contour map of the foundation material may be 
constructed. 

Perhaps the most satisfactory manner of making surveys 
of reservoir sites is instanced in the following practical ex- 
ample of one made by the author. <A standard or base 
transit (Art. 87) and level (Art. 129) line is first run across 
the dam site, carrying the same a little above the highest 
possible flow line of the reservoir. From this should start a 
main transit and level line which should follow up the lowest 
or drainage line of the reservoir basin (Fig. 11, A, D, G), 
and this should be extended until it reaches an elevation 
corresponding to that of the highest probable flow line of the 
dam. Bench-marks (Art. 135) should be left as this line 
progresses, and stadia distances measured (Art. 102), and level 
elevations taken to points within the range of the level-tele- 
scope, as at A, B, etc. Based on this main transit and level 
line, a plane-table and stadia line (Art. 101), accompanied by 
spirit-leveling, should be run from the highest flow line of 
the dam cross-section around the corresponding contour line 
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on one side of the reservoir, H, /, /, etc., and if the land 
be clear, stadia and level sights may be taken to the other 
contour lines within the range of the instrument, including 
sights on lines of equal elevation on the opposite side of the 
reservoir if the latter be small. If large, however, a number 
of flags may be located on the opposite side by triangulation — 
(Art. 73) or by stadia observations, and cross-section lines be 
run to these, from which the data for constructing a contour 
topographic map can be obtained as at / and /, 

Another example of a reservoir survey is illustrated in 
Fig. 12, which is a portion of the map of the Jerome Park 
reservoir site in the city of New York, and was platted ona 
scale of 400 feet to the inch with a contour interval of 10 feet. 
From such a map it is possible to compute the contents of a 
reservoir for each additional five feet of elevation, and on it 
land lines and property lines are shown in such manner as to: 
indicate the damage which will be done by submergence. 

25. Survey of Dam Site.—A typical illustration of the 
topographic map resulting from the survey of a site for a 
dam for closing a storage reservoir is shown in Fig. 13. 
This survey was executed with a plane-table (Art. 73), chain 
(Art. gg), and spirit-level (Art. 129) on a field scale of 400. 
feet to I inch, with a contour interval of 2 feet. The result 
of such a topographic survey is to indicate clearly the best 
alignment for the dam, providing the borings which must 
necessarily follow the selection of such alignment prove its 
feasibility. 

An example of a topographic survey executed for selec- 
tion of a site for a weir or diversion dam in a river is that 
illustrated in Pl. III. Thisshows the topography of the flood- 
bed of the Snake River between its high bluff banks, as 
well as the contouring of the bed of the river as shown by 
soundings. On this is indicated the best alignment for the 
diversion weir as well as for the canal head and headworks. 
The field work of the survey was executed with transit, 
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PLATE I].—ConTour TopoGRAPHIC SURVEY OF SITE FOR DIVERSION DAM, SNAKE RIVER, IDAHO. 
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plane-table, chain, stadia, and spirit-level on a scale of 200 feet 
to 1 inch, with a contour interval of 2 feet. 

26. City Surveys.—Topographic surveys of cities are 
almost invariably made in conjunction with complete cadastral 
surveys of the same, and usually under three conditions: 

(1) In laying out a plan for city extension or in making a 
plan for a projected city where little or no construction of 
streets, €tc., exists; 

(2) In making a complete survey of a city on which to 
plan future public works of all kinds; and 

(3) A topographic survey of a city may be made merely 
for the, sake of obtaining the resulting map. 

An example of the first class of city topographic survey is 
that for the survey of the tows site of the city of Allessandro, 
in southern California. Surveys of a town site on a compar- 
atively level tract were made by Mr. J. B. Lippincott with 
such detail that irregular streets, parks, and other city im- 
provements were planned on the resulting topographic map. 
The eastern portion of the tract mapped had a general rise of 
about one foot in one hundred, the roughness increasing 
toward the west until broken country was reached. The 
’ contour interval was one foot, and the scale 100 feet to the 
inch. A base line (Chap. XXI) was projected through the 
centre of the tract, measured with care, and stakes were set 
at every 500 feet. At each 2000 feet a right angle was 
turned off and lines run north and south to the boundaries, a 
large stake being set every 500 feet on these lines. After 
these were located, two transits were used, one on the base 
line and the other on the 2000-foot line, and the remaining 
stakes were located by intersection at the corners of the 500- 
foot blocks. Flags were placed on each 1000-foot stake for 
witness-stakes and to orient the plane-table, and levels were 
run from the center base line and around the outside of the 
tract, readings being taken carefully on all hubs. 


In making the topographic map a plane-table was used 
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(Art. 53) and a spirit-level (Art. 130) was set up near it, the 
levelman placing two rodmen along distant contours, though 
it was sometimes found that four rodmen could be used on 
various contours. The plane-table was set over a stake and 
oriented by one of the flags, and on it were plotted the posi- 
tions of the rodmen by stadia distances (Art. 102), and thus 
the contours were sketched. Sights were taken in the more 
level portions of the country, not closer than 50 or farther 
than 100 feet apart, and the rodmen were placed on a contour 
and kept upon it until they reached a distance of 500 or 600 
feet from the plane-table. By this means about one square 
mile was mapped in a week of fair weather. Where the slope 
increased toward the west, 2, 4, or 5 feet contours only were 
located, and the others interpolated by sketching. Forty- 
seven working days were employed in mapping 3.25 square 
miles, during which 25,400 points were located, or 7800 to 
the mile, the cost being about $300 per square mile. 

Of the second class of city surveys the two most promi- 
nent examples are those of the cities of St. Louis and Balti- 
more (Art. 27). The topographic survey of the city of 
Washington, made by the U. S. Coast and Geodetic Survey, 
is an example of the third and unusual class of city survey. 
This was made on a scale of 1: 4800, and covers an area of 48 
square miles. The result is a ‘topographic map pure and 
simple, unaccompanied by the placing of permanent monu- 
ments or the obtaining and recording of accurate measures, as 
is necessary in making a cadastral survey of a city. This 
survey was based on a minute triangulation (Chap. XXV) 
while all the details of the topography were obtained by means 
of the plane-table (Art. 53), stadia (Art. ror), and Y level 
(Art. 129). The contour interval was 5 feet, and these contours 
were based on lines of Y-leveling run along all roads, avenues, 
and railroads. The plane-table stations were placed so close 
together as to encompass within the distance from station to 
station all the area within the range of the stadia. No system 
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of precise bench-marks was left in the course of the leveling, 
but the Y level was freely used in tracing successive contours 
upon the ground, the points upon each contour being located 
by stadia. The degree of refinement of this survey seems 
excessive in view of the scale of the map, as the errors of 
actual location of the contours upon the map would greatly 
exceed the actual errors of leveling; moreover, as no provis- 
ion was made for continual revision of the maps by leaving 
easily recognizable monuments, the value of such a survey is 
limited by the many changes due to rapid suburban develop- 
ment, which would render such maps out of date within a 
very short period of time. 

27. Cadastral and Topographic City Survey.—The 
‘topographic surveys of the cities of Baltimore and St. Louis 
were made in conjunction with complete cadastral surveys, and 
show all property lines, widths from building line to building 
line in all streets, dimensions, and other incidental data rela- 
tive to buildings, both public and private. The most com- 
plete example of such a survey is that furnished by the city of 
Baltimore. This was based on a system of. triangulation ex- 
ecuted with precision (Chap. -XXV) and connected with a 
base line measured with much care with a 300-foot steel tape 
(Chap. XXI). This triangulation covers 54.7 square miles, 
and for its execution required several high observation-towers 
in addition to existing structures. Between the located tri- 
angulation points was an adjusted system of steel-tape 
traverse. lines (Art. 87), executed in such number that no 
closed circuit of traverse exceeded 7500 feet in length. By 
these traverse lines there were located 3740 stations. Pre- 
cise levels (Art. 140) were run over an area of 29.51 square 
miles. These levels included 141.miles of duplicate line, in 
which were established 606 permanent bench-marks, while 
elevations were taken at every street intersection by ordinary 
Y levels (Art. 129). The primary control averaged three 
triangulation stations and forty-two traverse stations per 
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square mile in the unbuilt sections of the city. On this 
control there was constructed a detailed topographic map on 
a scale of I: 2400 and with contours of 5 feet vertical inter- 
val (Fig. 14). In the execution of this work there were run 
many miles of stadia traverse and Y levels and of taped 
measurements of street widths and building-line dimensions, 
etc. 

Three methods of obtaining topography were adopted: 
(1) that by transit and stadia, accompanied by notes worked up 
and plotted in the office; (2) that by means of plane-table and 
stadia, with complete map made in the field on the plane-table; 
and (3) that by transit and stadia, with notes worked up and 
plotted on a crude drawing-board in the field. The first two 
methods were ‘employed in surveying only small areas, and 
were abandoned successively as not satisfactory. The third 
was that which was ultimately employed in mapping the 
larger portion of the city. In the prosecution of this latter 
method of work-high-grade transits with fixed stadia wires 
and vertical and horizontal circles reading with verniers to 30 
seconds were employed. All notes, as rapidly as obtained by 
measurement and by angulation, were plotted with an 8 
inch protractor (Art. 89) and boxwood scale on the field 
drawing-board. Previously there had been plotted on the 
field sheets the primary triangulation and primary traverse 
locations (Chaps. XXV and XXIII) with lengths and azi- 
muths of lines joining stations, and elevations of precise- 
level bench-marks. The party organization consisted of a 
topographer, a recorder, a draftsman, a levelman, and two 
stadiamen. As rapidly as the topographer read azimuths, 
distances, and vertical angles, the draftsman plotted the same, 
and the recorder worked out elevations furnished by the 
topographer and the levelman. After all observations had 
been taken and the horizontal. locations and elevations plotted, 
the contours were drawn in on the field board by the topog- 
rapher, and the party moved to the next station. The total 
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area of topographic survey was 32.2 square miles, in which 
there were located 213 miles of streets and alleys, 1147 pre- 
cise points were occupied, 2320 stadia stations occupied, and 
134,209 sights were taken, the average being 10 per acre. 

28. Cost of Large-scale Topographic Surveys.— 
Special topographic surveys are usually prosecuted with a 
view to showing all the topographic details of a limited area, 
and are executed with such minuteness that the resulting map 
may be plotted on a large scale. Not uncommonly such sur- 
veys are of cadastral thoroughness, and the results may then 
be plotted on such a scale as will permit of showing in plan 
the minutest detail of houses and other structures. 

Such a survey is the British Ordnance survey, plotted on 
a scale of 1: 2500, and the topographic and cadastral surveys 
of the cities of St. Louis and Baltimore (Art. 27). Also 
topographic surveys for railroads, reservoirs, -etc., plotted 
usually on scales of 400 to 1000 feet to one inch and with 
2-foot to 10-foot contours (Arts. 22 to 24), on which property 
lines are also shown. 
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29. Geographic Surveys.—The object of a geographic sur- 
vey is to fix the relative positions of points cn the surface of 
the earth so that they can be referred accurately to a tangent 
plane and be therefore independent of the sphericity of the 
earth. The geographic survey of an extended area consists 
of three parts: 

1. A geodetic survey, which permits of the projection of 
a primary system of controlling points on such a tangent 
plane. 

2. Of a plane survey, for the projection of a system of 
intermediate controlling points upon the same plane and 
adjusted to the primary system. 

3. Of a hypsometric survey, for the determination of the 
distances of the points established by the other two sur- 
veys above or below an assumed datum or basal plane of 
elevation. 

The results of a geographic survey are presented— 

1. In a geographic map, which is intended to give as 
complete an image of the area surveyed as the scale of rep- 
resentation will permit; and 

2. Ina report on the physical and statistical characteris- 
tics of the region surveyed. 

The methods employed in the field execution of the geo- 
graphic survey are described hereafter under various titles. 
An essential preliminary to the geographic survey is a ge- 
odetic survey based on astronomic positions, and the mode’ 
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of obtaining this fundamental information is explained in 
Parts V and VI. With such primary control as is furnished 
by the geodetic survey the details of the geographic survey 
are executed by some of the various methods explained in 
Chapter II and Part II. They are essentially similar to 
those employed in the making of topographic surveys, differ- 
ing therefrom chiefly in the employment of cruder and more 
rapid methods. Moreover, the amount of information to be 
gathered is more scattered and less detailed than that pro- 
cured by topographic surveys, because the scale of the 
resulting map is smaller and therefore will not permit of the 
representation of minor details. 

30. Instrumental Methods Employed in Geographic 
Surveys.—For the making of a geographic map the primary 
control must be executed by geodetic methods, but this need 
not be of the highest degree of accuracy, but only of such 
quality that the resulting errors will not be appreciable upon 
the scale of the map. For filling in the intermediate details. 
the most useful instrument is the plane-table (Chap. VII), 
which may be employed for the execution of secondary and 
tertiary triangulation, for road traverses (Chaps. IX and X), 
and as a sketch-board on which to fill in the details of 
topography (Arts. 13, 15, and 17). 

In the course of such work the methods employed will be 
of a crude nature. Signals will rarely be erected, natural 
objects being sighted both in the triangulation and in the 
traverse, and the number of stations and locations will be 
relatively few and far apart one from the other. They must, 
however, be fixed with such accuracy upon the scale of map 
that there will be at least two or three located points to each 
square inch of map surface. Thus on a map scale of two 
miles to one inch there may be an average of less than one 
location per square mile. On a scale of four miles to one 
inch there may be but one location to every two square 
miles. Again, on the latter scale, plane-table stations would, 
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under favorable circumstances, be placed at an average dis- 
tance of ten miles apart, and from each there would be 
sketched an approximate area of one hundred square miles. 
For it will be realized that on the scale of the map this 
implies sketching from each station to a distance from one to 
one and one-quarter inches in each direction and over terri- 
tory controlled by intermediate locations averaging one-half 
inch apart. 

The intermediate details of the geographic survey ex- 
ecuted for small-scale maps should be filled in by the ordi- 
nary traverse methods, performed, however, with instruments 
fitted only for the execution of approximate work. Thus a 
very light traverse table (Arts. 61 and 63) or a prismatic 
compass (Art. 91) should be used for directions, while distance 
may be obtained by wheel (Art. 98) or pacing (Art. 95). 
Elevations will be determined in the prosecution of a geo- 
graphic survey of this character by several methods, the 
amount of basal spirit-leveling (Chap. XV) being of the very 
least, perhaps only a few fundamental elevations per map 
sheet. The more important elevations will be obtained by 
trigonometric levels of primary or secondary quality (Chap. 
XVII), and the larger proportion of the intermediate eleva- 
tions will be obtained by mercurial barometer with aneroid 
for elevations of less moment (Arts. 170 and 174). 

31. Geographic Maps.—A geographic map is generally 
plotted ona small scale, corresponding with the least scales of 
general governmental surveys (Table ITI), and the limits of such 
scales are roughly between about one mile to one inch and six 
miles to one inch. For larger scales the resulting map might 
be classed as topographic, and for smaller as exploratory. On 
geographic maps various conventional signs (Art. 195) are 
employed to represent hydrography or drainage, culture or 
works of man, and relief or surface undulations. Such drain- 
age features as streams, lakes, and ocean margins as may be 
of sufficient size to permit representation on the scales selected 
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are shown. Such cultural features as are of a strictly public 
nature, as railways, the more important highways, cities, and 
political boundaries, should be shown. Surface undulations 
should be clearly represented by one or other of the various 
conventions. According to the scale of the map and the 


Fic. 15.—FIELD SKETCH MAP MADE ON PLANE-TABLE IN ALASKA. 
E. C. Barnard, Topographer. Scale 4 miles to 1 inch. 


quality of the field survey, such representation may be by 
contour lines of considerable vertical interval, by sketch or 
broken contours representing relative differences of relief, 
or by means of hachures which represent in a conventional 
way degrees of relief, absolute relief being shown only by 
written figures of elevation. 

In Fig. 15 is shown a portion of the sketch contour 
Meapmimadce un Alaska by, HE. C,-Barnard ‘of the U. &. 
Geological Survey. In Fig. 16 the same map is shown 
after it has been drawn up in office. The contour interval 
of this is 200 feet, and the scale 4 miles to one inch. Yet 
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these are not true contours, and should preferably not have 
been represented as such, since the amount of vertical con- 


Fic. 16.—GroGRAPHIC CoNTOUR MAP MADE FROM Fic. 15. 
Scale 4 miles to r inch. Contour interval 200 feet. 


trol was too small to give that exactness implied by contour 
lines. 

32. Features Shown on Geographic Maps.—A _ geo- 
graphic map should show with sufficient completeness all the 
important topographic features of the area surveyed. It should 
depict especially physiographic peculiarities, which are the key 
to the origin of topographic forms. It will thus be realized 
that in their execution the geographer should have a clear 
knowledge of the relations of geology to topography (Art. 45). 

Accordingly the-amount of the zxstrumental control re- 
quired will be the minimum which will permit accurate repre- 
sentation of the essential and predominant features. Between 
this control the shape and positions of the various streams 
may be sketched in such a manner as not only to show their 
direction, but their changes of direction as determined by 
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accidents of broken or displaced stratification or the slope of 
the surface over which they flow. Moreover the map will 
distinguish between the rounded slopes of a synclinal and the 
abrupt sides and angular sections of an anticlinal gorge. It 
will show at a glance the position of a fault in the stratifica- 
tion by precipitous slope and exposed strata on one side, and 
on the other the gentle declivity of tilted surface rock. It is 
thus evident that the geographer must be largely guided in 
his depiction of the terrane by his knowledge of the geologic 
structure, so that the resulting map, while well controlled in 
relative place by instrumental locations, will, because of the 
necessity of generalizing topographic forms imposed by the 
small scale employed (Chap. VI), bring out the-essentials 
or keynotes of such form rather than permit their burial 
under a mass of detail which is not essential to the purpose 
of the map. 

33- Geographic Reports.—The smaller-scale geographic 
maps executed by governments, and in a few instances by 
railway enterprises in connection with surveys made for the 
gathering of general information relative to unexplored 
regions, should show not only the topography of the region 
surveyed, but the outlines of its forested areas. Above all it 
should be accompanied by reports on all those scientific and 
economic facts which will aid in developing the region under 
examination. Examples of such surveys are those executed 
by the Hayden survey in Colorado and Wyoming, and by 
the Wheeler survey in various portions of the United States 
west of the rooth meridian. 

In both the resulting maps are based on geodetic con- 
trol, and are published on various scales according to the 
objects of the survey. In the case of the Hayden survey a 
general scale of four miles to one inch was adopted (Fig. 20), 
and differences of elevation were shown approximately by 
contours having an interval of 200 feet. In the case of 
the Wheeler survey two general scales of four (Fig. 19) 
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and eight miles to the inch were used in various localities, 
and the surface relief was depicted by hachures accompanied 
by occasional figures of elevation, actual elevations not being 
shown, as in the case of the Hayden survey, by contour lines. 
In the case of both surveys, in addition to showing the cul- 
ture, drainage, and relief, the general topographic maps are 
accompanied by special maps showing the distribution of 
timbered, pasture, and barren land, and by other maps show- 
ing the surface geology. Finally, the whole was accompanied 
by extensive printed reports detailing the important scientific 
and economic features of the regions examined. 

34. Scale and Cost of Government Geographic Surveys. 
—All civilized nations appreciate the value and necessity of 
good topographic maps of their territory. The principal 
nations of Europe have completed surveys that will generally 
subserve the purposes of geographic maps, or are now en- 
gaged upon such work. These European surveys are all 
based upon a computed triangulation and are usually made 
upon a scale not far from one mile to one inch or 1: 63,360. 
They are sometimes larger and sometimes smaller. Their 
scales range between one mile for Great Britain up through 
Austria, France, Norway, Germany, and Russia, to two miles 
in the latter country. And from Great Britain they range 
down with larger scales through Sweden, Italy, Spain, Den- 
mark, and Switzerland, the scale for the latter being a little 
larger than two inches to one mile. 

A study of these maps is of value in determining the 
scale which should be adopted for a general geographic map 
of the United States, and as a result the scales chosen for the 
latter are from one to two miles to one inch. It is believed 
that the larger scale offers the best opportunity for the ex- 
pression of such features of the country as the engineer, 
legislator, or investor desires to see expressed with some de- 
tail on a general map. Ifa still larger scale map is desired, 
it is usually for a small area, and for this purpose the indi- 
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PARLEY LD. 
SCALE, COST, AND RELIEF OF GOVERNMENT GEOGRAPHIC 
MAPS. 
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vidual desiring the map should, and probably would, make 
his own special surveys, as they would be conducted with a 
view to the inauguration of active engineering operations. 
The contour interval chosen for the geographic map of the 
United States varies according to the topography and hori- 
zontal scale from five to one hundred feet vertically. The 
smaller contour intervals are employed especially on very 
level costal plains, while the larger intervals must be used for 
the expression on the same scale of steep mountain slopes 
and valley walls. It has been found that this range of con- 
tour interval gives the best mean value for the expression of 
all characters of topographic form, permitting the proper de- 
piction on the scale chosen of the steepest mountains and yet 
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giving a fair idea of the value of the slopes on the more level 
surfaces. 

35. Exploratory Surveys.—One of the essentials of an 
exploration is some form of survey which shall record the 
appearance of the country traversed. The primary requisite 
in such a survey is some means of measuring directions and 
distances along routes of travel. A well-equipped expedition 
should be provided with several varieties of instruments for 
this purpose lest some be lost or injured, and in order that 
those best suited to the exigencies of the case may be 
employed. Sometimes no effort is made to fix the geo- 
graphic position of such surveys, but ordinarily and where 
the work is conducted under scientific auspices means are 
provided for the determination of latitude, longitude, and 
azimuth by simple instruments and with approximate accuracy. 

simuths may be measured in route surveys with pris- 
matic compass, or by means of a light plane-table, or with a 
light transit (Arts. 91, 63, and 85). 

Distances may be measured by stadia, by pacing, by timing 
the gait of animals or of a boat rowed or drifting, and in 
extreme cases by mere eye estimation (Arts. 102, 95, and 96). 

Where the exploration is of a compact area rather than of 
a route the survey may be best executed by ¢rigonometric 
methods (Chap. IX), with light plane-table, with transit, or 
by photo-surveying methods (Chap. XIV). In such a case 
elevations may be conveniently determined by vertical 
angulation (Art. 160), when the resulting map will be rather 
geographic than exploratory in quality. 

Astronomtc position is determined in such a survey by 
latitudes observed with sextant, and longitudes obtained by 
chronometer (Arts. 336 and 328), or by lunar photographs 
(Chap. XXXVIT). Azimuths are readily obtainable by obser- 
vations on polaris with theodolite (Art. 312). In a compact 
trigonometric survey several careful determinations of lati- 
tude, longitude, and azimuth made at one point only are 
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necessary. In running a route survey latitudes should be 
observed at distances not exceeding fifty miles, longitudes 
as frequently as convenient, according to the method, and 
azimuths on nearly every clear night. 

The sources of error in such a crude route traverse are in 
the measurement of directions and distances. The former 
will be but slightly in error for the small scale of map se- 
lected if frequent azimuths are observed. Errors in dis- 
tance will be fairly well compensated by the observations 
made for latitude. The most satisfactory way of determining 
longitude under such conditions is by means of ships’ chro- 
nometers read at the point at which the expedition starts out, 
provided that be on the seacoast (Art. 328). The plotting 
of the final map will aid in keeping the longitude fairly well 
in check. 

Elevations should be recorded by means of aneroid ba- 
rometer (Art. 174), and the eccentricities of this may be kept 
in check by carrying a cistern mercurial barometer, which 
should be read hourly at each camp (Art. 170). Where 
the circumstances permit, a base barometric station should be 
established, at which the moving barometer should be com- 
pared with the stationary standard, and the latter should be 
read hourly throughout the duration of the expedition in or- 
der to permit of a reduction of the synchronous observations 
of the moving barometer (Art. 169). 

36. Exploratory and Geographic Surveys Compared. 
The following is an interesting comparative group of maps 
illustrating the result of surveys of various degrees of accu- 
racy. Fig. 17 is a small portion of the sketch map accom- 
panying the report of Captain Zebulon M. Pike, and made in 
1807. This includes the headwaters of the Platte and Ar- 
kansas rivers in Colorado, the point marked ‘‘ Highest peak” 
being the summit now known as Pike’s Peak, and ‘‘ Block- 
house” being presumably the present location of Canyon 
City. This sketch map was made without the aid of instru- 
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ments, and is entirely uncontrolled in distance or direction 
other than by estimates. 


The head waters of this interlock 
with the main S.E. branch of 
Platte R. which issues from 

the Mountains 


Fic. 17.—Capt. ZEBULON PIKE’s Map ABour Prikk’s PEAK, CoLo. 1807. 


Fig. 18 is a small portion of a map published in the re- 
port of Captain J. C. Fremont of an exploration across the 
Rocky Mountains in 1845. Geographic position is ap- 
proximately fixed by means of sextant observations for lati- 
tude, chronometer, and lunar observations for longitude, and 
barometric observations for height. Between these sparsely 
scattered astronomic positions directions and distances are 
by estimate only, the route, however, being sketched at the 
time of travel. 

Figs. 19 and 20 cover small portions of the same area 
on the west slope of Pike’s Peak. The first is a portion of 
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the U. S. Engineers’ geographic map, scale of four miles to one 
inch, and made between 1873 and 1876. This map shows 
relative relief by means of hachures, actual relief being shown 
only by figures of elevation, the result of barometric or 
trigonometric observations. The surveying was executed by 
means of secondary triangulation with transit, expanded from 


Fic. 18.—CApr. J. C. FREMONT’s MAp ABouT PIKr’s PEAK, Colo. 1845. 


a primary triangulation executed with theodolite and based on 
an astronomic station and carefully measured base line. In- 
termediate details were sketched in from the secondary trian- 
gulation stations and by odometer traverses of roads. Fig. 
20 is a small portion of the Hayden map covering the same 
area. This is a geographic map also on a scale of four miles 
to the one and executed at about the same time as the U. S. 
Engineers’ map. The method of survey was practically the 
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same, but many more elevations were determined both by 
barometric and trigonometric methods, and from these approxi- 
mate contours of two hundred feet interval were sketched, 
thus giving the relief with greater relative accuracy. 

In Figs. 21 and 22 are shown small portions of the same 
area as mapped by the U.S. Geological Survey, the first in 1892 
andthe second in 1894. Fig.21 is a fragment of an accurate 
seographic map on a scale of two miles to one inch, and with 
differences of elevation represented by contours of one hun- 
dred feet interval. Field-work was based on a careful primary 
triangulation and was executed by means of plane-table with 
telescopic and sight alidade for direction and vertical angula- 
tion, odometer traverses of roads, and sufficient spirit-leveling 
and stadia work to fill in the details. Fig. 22 is a large- 
scale topographic map of the same area executed on a scale of 
I: 25,000, approximately two and one-half inches to one mile, 
and with a contour interval of fifty feet. This was based on 
a plane-table triangulation and spirit-leveling accompanied by 
stadia traverses and intersections for both vertical and hori- 
zontal detail. 

37. Methods and Examples of Exploratory Surveys. 
—The field-work of exploratory surveying includes the making 
of some form of record of the geography of the country 
passed over, which may be either kept in note-books and 
worked up in office or may be drafted in the field upon asketch 
plane-table. Such surveys may be of a route only, especially 
where the course traveled is the bed of a narrowly confined 
stream, or through woods when little can be seen of the sur- 
rounding country, or it may be of an area when the explorers 
are traversing open country or high ridges which permit of an 
extended outlook over the region surrounding them. 

The personnel of an exploring party should consist, if pos- 
sible, of one individual qualified to conduct any form of sur- 
vey, be it by transit, plane-table, compass, stadia, or estimate, 
as the circumstances may demand, and also competent to 
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FIG. 22.—PoRTION OF U. S. GEoLoGiIcAL SuRVEY MAP ABOUT CRIPPLE CREEK, NEAR PIKE'S PEAK, COLO. 1894. 
Scale 1 to 25,000. Contour interval 50 ft. 
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determine astronomic position by transit, sextant, and similar 
instruments. In addition, at least one other member of the 
party should be versed in the sciences of geology and biology 
in order that he may understand how to collect information of 
the mineral resources, the flora and fauna of the region trav- 
ersed. A photographic camera should be carried for record of 
the aspect of the landscape or of details seen. The results of 
the work of this member of the party will accompany the map 
in the form of an illustrated report. 

The zxstrumental equipment of such a party should include 
various forms of surveying instruments, at least two or three 
methods of measuring directions and distances being dupli- 
cated lest any of the instruments be lost or destroyed. There 
should also be carried aneroids: and mercurial barometers for 
the determination of heights (Arts. 174 and 170). The 
instruments for determining direction should include, if pos- 
sible, a light mountain transit (Art. 85) specially provided 
with prismatic eyepiece and striding-level for the determina- 
tion of latitude and azimuth; a sextant for astronomic obser- 
vations and the measurement of horizontal and vertical angles 
(Art. 336); a light plane-table with sight alidade (Arts. 56 
and 62), to supersede the transit in rougher surveys when 
necessary, and a prismatic compass (Art. g1) to replace either 
of the above. Distances may be measured by means of the 
stadia hairs in the transit, a light pole being marked with 
bands of white cloth or string or other device as a stadia-rod 
(Arts. 101 and 112). Distances will be obtained in addition 
by triangulation (Chap. IX) or pacing, or by means of the 
linen tape, or by time estimate on land or in floating down 
streams (Arts. 65, 97, and 96). 

Two examples of exploratory surveys are illustrated in 
Fives 23,7924, and 25./) The first-is that of a route trav- 
erse made in Alaska in 1898 by Mr. W. J. Peters of the 
United States Geological Survey. This is the first authentic 
survey of that region and was made with plane-table and ali- 
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Fic. 23.—FIELD PLANE-TABLE SHEET, EXPLORATORY ROUTE SURVEY, 
ALASKA, 
W. J. Peters, Topographer. Scale r to 180,000. 
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Fic. 25.—SERILAND, SONORA, MExIco. 


Exploratory Survey by W. D. Johnson. 


Scale 7 miles to 1 inch, 
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dade for directions, transit for latitude, and distances by stadia 
and pacing on the portages, and time and eye estimate on the 
water. It is complete in that it shows by sketch contours 
the shapes of the surrounding hills and gives from hearsay and 
other sources some of the detail of the region included within 
the route of exploration. Fig. 24 is the final office drawing 
of the same. 

Fig. 25 is an exploratory map, not of a route, but of a 
compact area resulting from surveys by Mr. Willard D. John- 
son of the U. S. Geological Survey for the Bureau of American 
Ethnology in the year 1895. This survey was made with a 
light traverse plane-table, oriented by compass and alidade. 
It was executed by plane-table triangulation, started at the 
international boundary line, and the map is dependent thereon, 
but is checked by the coast line of the U. S. Hydrographic 
Survey. The area mapped covers 10,000 square miles. The 
geographic position of the map is dependent upon the work 
of the boundary and coast-line surveys. This is a beautiful 
example of a well-executed sketch map by an expert topog- 
rapher, although but sparsely controlled by instrumental 
locations. 
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38. Military Surveys.—Ordinary maps are sufficient to 
enable one to follow the operations of a campaign, but for 
planning military operations detailed topographic maps are 
essential, because the merest trail or smallest stream or valley 
or undulation of the ground may for a time become of the 
greatest importance cither for offensive or defensive pur- 
poses. 

Topography for such uses, however, calls for the most 
simple problems of mathematical surveying, rarely has recourse 
to plane trigonometry, and never employs the principles of 
spherical trigonometry, because the areas ‘included within 
any separate map sheet are small. Mzltary topography is in 
fact the art of obtaining a detailed representation of but a 
moderate extent of the earth’s surface. The resulting map 
should exhibit the important lines and characteristic objects 
on the ground, not only including main streams, railways, and 
mountains, but smaller watercourses, roads, and foot-paths, 
houses, enclosures, ditches, excavations, embankments, fences, 
hedges, walls, and the minor undulations of the surface, 
especially abrupt ledges. 

The preparation of the military map consists of two oper- 
ations: 

1. The projection in proper relative position on a plane 
surface of the main outlines of the country; and 
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2. Of leveling, by means of which may be represented the 
slopes, elevations, and depressions of the ground. 

In addition there must be prepared a memoir including 
essential information which it is impossible to exhibit in 
graphic form, such as kind of road, its surface and state of 
repair, descriptions of bridges, character of their approaches, 
depth and rapidity of current in watercourses, nature of bot- 
tom, statistics of number of inhabitants, supply of provisions 
and animals, etc. 

The basal outline map upon which the military topography 
is to be exhibited may be a good topographic map, which 
should ordinarily be constructed in a manner similar to that 
described for the making of small-scale topographic maps 
(Chap. II). Having such a base, it is then possible to enlarge 
it to asufficient scale to permit of representing upon it those 
details of information which are essential to military maps, 
and these may ordinarily be obtained by less accurate 
methods of survey, by the use of the plane-table or cavalry 
sketch-board (Arts. 57 and 64), supplemented by odometer, 
stadia, range-finder, or by pacing or by counting the paces of 
a horse (Arts. 98, 102, 117, and 95). With such instruments 
it becomes possible to sketch on the base map with some 
accuracy the positions of the hedges, minor watercourses, 
etc., and to enter in a note-book the data which go to make 
up the memoir. 

That form of surveying which produces a military map 
may be classed as zrregular surveying, and consists ordinarily 
of rapid, interrupted journeys having for their object the repre- 
sentation of the natural and artificial features of the country 
with the maximum exactitude consistent with the greatest 
rapidity of execution, and it is therefore evident that they are 
based upon the same principle as are more elaborate surveys 
(Art. 9). The differences between them consist chiefly in the 
use of more portable and less bulky instruments, in the substi- 
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Fic. 26.—SKELETON OF ROUTE FROM BEST AVAILABLE MAP. 
After Capt. Willoughby Verner. Scale 14 inches to 1 mile. 


MILITARY RECONNAISSANCE WITH GUIDE MAP. 95 


tution of pacing or range-finding for the chain, and often in the 
estimation of distances and details by the eye. Such surveys 
are commenced by the determination of principal points by 
triangulation (Chap. IX) if such does not already exist, or by 
identifying triangulation points already existing. To these 
triangulation points further details are referred, and further 
irregular surveys are planned by a general glance at the field 
_ from them. Vertical measurements, which are essential in 
the representation of surface slopes, are but relative, and may 
be best had by the use of the aneroid. 

39. Military Reconnaissance with Guide Map.—The 
following examples from Captain Willoughby Verner show 
the mode of converting a small-scale geographic map into a 
detailed military map. In Fig. 26 is shown the outline of 
the route of the proposed reconnaissance. This is an en- 
larged copy of road and drainage crossings taken from a one- 
mile British ordnance map. In the following figure (No. 27) 
is shown the mode of filling in important military informa- 
tion on such a base, the notes all being made on the map in 
the course of a quick cavalry ride. In Fig. 28 is shown 
the final drawing made in camp from the notes taken on the 
preceding cavalry sketch map. All of this information was 
obtained without the use of instruments other than a sketch- 
board carried on the wrist of the topographer. 

40. Military Reconnaissance without Guide Map.— 
In Fig. 29, taken from Willoughby Verner, is shown a 
portion of a river reconnaissance on the Nile executed from a 
river steamer. The distances were reckoned by time, and the 
directions by magnetic bearings. The important military 
information accompanying this is in the form of marginal 
notes. 

An extended reconnaissance sketch was made in the 
Soudan by Captain Verner, with the range-finder for distances, 
and light plane-table board for directions. This was more than 
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a route reconnaissance, the territory covered being developed 
by plane- table triangulation (Chap. IX) and range-finder (Art. 
116), so as to cover a fairly extended area of the country. 
Such reconnaissances need not be accompanied by memoir, 
since all necessary notes are placed upon the margin of 
the map. They should, however, when made to develop 
the position of an enemy, be accompanied by perspective | 
sketches similar to that illustrated in Fig. 30. 

41. Detailed Military Map.—In many of the more im- 
portant operations of the Civil War, such as the final action 
about South Mountain, time was afforded for the making of 
careful topographic surveys for the procurement of military 
information. Advantage was taken of such opportunity 
by making detailed surveys, in which roads were traversed 
with transit and chain or odometer (Arts. 87, 99, and 98), 
elevations measured with level as well as aneroid (Arts. 129 
and 174), and the resulting map gave all the detail of relief 
and cultivation which could be of use to the commanders. 
Fig. 31, reproduced from one of these maps, is an excellent 
example of the character of detail procured in making such 
surveys. 

Where a number of persons are employed in surveying a 
region not previously mapped, as that described, accurate 
results can be obtained only by extension of a brief skeleton 
triangulation, locating a number of conspicuous points, or by 
running a few very careful transit and chain traverses of im- 
portant roads. This laid down on a large sheet is the basis 
of the survey, securing for it accuracy independent of the 
minor errors which must pervade the more detailed surveys 
executed with inferior instruments and in haste. Such a 
survey can only be made when there is ample time and pro- 
tection and suitable instruments are available. Moreover, 
such survey would only be necessary in unknown country. 
Where pressed by lack of time or protection only the crudest 
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sketching implements and methods can be employed, and the 
-survey must be a rapidly executed sketch accompanied by 
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. memoranda of the country immediately adjoining the line of 
- march. 


42. Military Siege Maps.—In siege operations sketch 
maps, photographs, and, when possible, more accurate sur- 
9 veys based on instrumental observations, are made of the po- 
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sition attacked. These, so far as possible, are executed in such 
detail as to show not only the immediate surroundings with a 
view to their availability for the purposes of the attack, but 
especially the details of fortified places in order to develop 
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Fic. 32-—MILITARY SIEGE Map. 


their weak points and their strength. Fig. 32, reproduced 
from maps accompanying the Records of the War of the Re- 
bellion, is a map of this sort executed during the siege of 
Spanish Fort. 

43. Military Memoirs.—Information must be procured 
from the inhabitants, spies, or othersources, and the military 
map filled out as well as may be from verbal descriptions. 
Itineraries of routes should be plotted and kept in memoir 
form for the guidance of bodies or troops in marching, and for 
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resting and camping places for convoys and supply trains. In 
the memoir various streams must be noted, their number, 
position, depth, banks, fords, bridges, etc. ; ponds, marshes, 
canals, and springs must all be described, with a statement 
as to how they are formed, whether subject to overflow, and 
if crossed by roads, how and where. Bodies of woodland 
and forest must be described, as to their shapes, positions, 
etc. The classes of roads, their condition, facilities for 
passage of heavy wagons or troops, and for repair must also 
be noted. 

Villages and fortified places must be described, with notes 
of houses, materials of construction, supply depots, work- 
shops, and fortifications. Statistics must also be gathered 
of modes of transportation of horses, wagons, cattle, sheep, 
etc., also of available provisions, including corn and hay 
for forage. Mountains and hills must be described, with 
regard to their continuity, direction, nature of slopes, how 
covered, their area; also whether rocky or smooth, practical 
for occupation by either arm of the service, and if so, where; 
also, the passes across them, their relation to the main chain 
Oratdce,ete., ctc. 

44. Cadastral Surveys.—This class of surveys takes no 
account of the surface of the earth outside of the limited area 
covered by the immediate route touched in the actual process 
of fixing located points upon it. A cadastral survey ts prose- 
cuted for the sole purpose of determining political or property 
lines, and merges on the one hand into surveys crudely 
executed with chain and compass (Arts. 99 and g1), and on 
the other hand into field methods of the most refined 
geodetic nature (Art. 201). Cadastral surveys are mentioned 
here because they are frequently made with such thoroughness 
as to result in the production of a topographic map of the 
entire area inclosed within the boundary lines. 

The word cadastral is one which is not familiariy used in 
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surveying nomenclature and the meaning of which is variously 
and frequently erroneously interpreted. It is probably of 
French origin and was apparently first applied with any defi- 
niteness at the statistical conference held in Brussels in 1853, 
as referring to national maps on very large scales, approxi- 
mating 1:2500. At the same time the term ‘‘ tableau d’as- 
semblage’’ was applied to large-scale general maps of, say, 
about 1:10,000. The word cadastre has been accepted in 
Great Britain as being referred to a map or survey on a 
large scale, because the scale of the map corresponds with a 
cadrer, being that scale in nature which will permit of 
representing accurately the width of a road and the dimensions 
of-a building. More recently on the Continent the expres- 
"is applied to a plan from which the 
area of land may be computed and from which its revenue 


sion ‘‘ cadastral survey ’ 


may be valued. 

As now more generally understood, a cadastral survey is 
one which includes several of the above features. It is nota 
topographic survey for representation of a terrane on a very 
large scale, nor is it any form of a topographic survey, as 
defined by the English interpretation of the meaning of 
the word cadrer. It is essentially a property survey as ex- 
pressed in the more recent Continental definition, but it is ex- 
ecuted not only that the areas of lands may be computed for 
the valuation of revenue, but also and primarily for the pur- 
pose of fixing public and private property lines by marks and 
monuments, A secondary result of a cadastral survey of 
such thoroughness as to closely cover the entire area is the 
procurement of such notes as will permit of the making of a 
large-scale topographic map, such as would come under the 
British or Brussels definition. Examples of topographic 
maps resulting from or executed in the progress of cadastral 
surveys are instanced in Article 27, describing the surveys of 
the cities of Baltimore and St. Louis. In both of these cases 
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the cadastral surveys are based on control of geodetic ac- 
curacy. 

Near the other extreme are the cadastral surveys executed 
under the direction of the U. S. Land Office in the subdi- 
vision of the public lands of the West. The primary object 
of these surveys is the division of the public lands into areas 
called townships and sections by means of comparatively 
crude transit and chain traverses (Art. 87). The result is de- 
picted in maps or plots showing the property outlines with 
their dimensions. A secondary result is the furnishing of 
data for the computation of the areas of the various subdi- 
visions. <A tertiary result is the representation of the terrane 
covered by a crude topographic map of such quality as to be 
exploratory only in its accuracy. The only information ac- 
curately depicted on such maps is that lying immediately 
under the route covered by the boundary survey, the infor- 
mation contained between such traverse lines being largely 
interpolated by estimation and guess. 

Another step toward the attainment of a higher grade of 
cadastral survey in the subdivision of the public lands is in- 
stanced by the mode of subdivision employed in the public- 
land surveys of the Indian Territory as executed by the U. S. 
Geological Survey (Fig. 33). In addition to being performed 
in a manner similar to that of other public-land surveys, these 
surveys are controlled and checked by means of a geodetic 
survey executed by trigonometric methods, thus giving it a 
far more permanent character and fixing with accuracy its 
position upon the face of the earth. Moreover, the resulting 
map is a true topographic or geographic map, because the 
terrane between the property lines was surveyed and its eleva- 
tions determined as an adjunct to the execution of the cadas- 
tral survey. 

A still more accurate cadastral survey prosecuted solely 
forthe purpose of marking political boundary lines is that ex- 
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ecuted by the Massachusetts Topographic Commission. The 
purpose of this survey is the demarkation with exactitude 
upon the ground-surface of town and county boundary lines. 
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Fic. 33.—CADASTRAL MAP oF U. S. Pusitic LAND SuRVEY. INDIAN 
TERRITORY. 
Original scale 2 inches to 1 mile. 


The field-work of this survey is based upon and controlled by 
a trigonometrical survey of geodetic accuracy, and as a result 
the positions of the various monuments and their connect- 
ing lines are fixed on the surface of the earth in proper astro- 
nomic position. The primary result of this survey is the ac- 
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curate demarkation of the boundaries. A secondary result is 
the procurement of data by which the exact area of each 
township may be computed. The amount of data gathered, 
however, does not permit of the making of a topographic 
map of the area included within the bounds. 


®, (PARLE Tits 
SCALE AND COST OF CADASTRAL SURVEYS. 


Country. Scale. Relief. Cost per sq. mi, 


Great Britain; Ord- 


mance Survey...... I: 2,500 Hachures and 
contours $ 294.00 
City of St. Louis, Mo. 
(Gadastral).-~ s... I: 2,400 Contours 3 ft. 739-00 
City of Baltimore, 
Md. (Cadastral)..-. I: 2,400 os Beg 4070.00 
Public Land Subdi- 
visions, U.vs..G. 5S. I: 31,680 ss 50‘ 31.00 
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45. Relations of Geology to Topsgraphy.—The claim is 
not infrequently made by geologists that a knowledge of this 
science is essential to the topographer in the prosecution of 
his work. Onthe other hand, the not infrequent contention 
of the topographer is that no amount of knowledge of. the 
sciences will add one jot to his ability to accurately represent 
the topography. Both contentions are correct under various 
circumstances, dependent upon the purpose of the resulting 
map and the accuracy desired. A knowledge of geology may 
influence the plans but not the operations of a topographic 
survey. It may aid in the execution of the topography, but 
cannot exercise a control over it. It has been stated by a 
topographer that the sphere of the sciences is to follow after 
topographic surveying and not to precede it; that they 
furnish resulting utilities dependent upon the topography, 
but are not essential factors controlling its method. This 
latter view is no more correct than the former. 

Where topographic surveying is to be executed with only 
one or two specific objects in view, as the furnishing of a base 
map for a geologic survey, or of a small-scale topographic 
map for general uses as a guide or sketch map, a knowledge of 
the science of geology may be of the greatest utility. Under 
such circumstances the greatest accuracy is not essential, and 
such accuracy as is required the topographer will attain. His 
work may, however, be greatly facilitated, and the expression 
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of the resulting map improved, if he has sufficient knowledge 
of both geography and of geology to appreciate the origin 
of the topographic forms which he is sketching, and the 
way in which the various rocks have been upheaved, eroded, 
folded, or deposited. By a careful study of such forms as 
he first encounters the topographer is able to bring out with 
less effort the same characteristics in such similar formations 
as he may encounter as his work progresses. 

On the other hand, if the survey is to resu/¢ in an accurate 
topographic map useful as a base-map for all scientific and en- 
gineering purposes, the topographer must obtain such amount 
of control, and must see at such close range every feature 
which he sketches, that any amount of knowledge of geology 
or geography will add little to the quality of his representa- 
tion of the terrane or the accuracy with which the result is 
depicted. If his work is done with that detail which is es- 
sential to the making of an accurate map, he will locate con- 
tours with such frequency that the resulting map will depict 
them as they actually exist, regardless of theories as to 
the origin of the forms sketched. Such a map-is a topo- 
graphic map per se. It is the mother map, and from a study 
of it the geologist or geographer learns to interpret the origin 
of topographic forms and is enabled to devise a correct scien- 
tific hypothesis. 

46. Origin and Development of Topographic Forms.— 
A knowledge of the laws governing the origin and develop- 
ment of topographic forms is desirable in those who would 
intelligently depict them. The new topographic method 
demands such a knowledge in order that the surveyor may 
attain the highest skill, not only in the representation of the 
relief, but in the speed and methods, and consequently the cost, 
of such representation. The various rules forthe classification 
of topographic forms hold good only in limited areas, and 
are subject to so many exceptions that any attempt at their 
general application utterly fails. Nevertheless a knowledge 
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of these may frequently aid in mapping a region to which 
they are found to apply. 

Prof. John C. Branner has aptly described topography as 
the ‘‘ expression of geologic structure, much as the outlines of 
the human body express anatomical structure.”’ As topo- 
graphic form is the resultant of eroding agencies and the re- 
sistance of rocks, their study, he says, belongs fundamentally 
to the province of geology. It follows that for a thorough 
understanding of topographic forms the surveyor should have 
a knowledge of geology. This is true in topographic survey- 
ing, because a large part of every map must be sketched in 
(Arts. 9 and 13), and this sketching cannot be properly done 
unless the surveyor possesses some knowledge of the forma- 
tions which he is depicting. Unless he knows what to look for 
he does not find it all, but only a part of it; consequently it is 
of importance to the topographer that he should know what 
kind of topography to expect, and to this end the more he 
knows of the materials in which the topography is carved, and 
the agencies which shaped it, the clearer will be his insight and 
the less the waste of energy and time required for the repre- 
sentation of the relief. 

47. Physiographic Processes.—Before an intelligent un- 
derstanding can be had of the origin of topographic forms we 
must first look to the processes in nature by which such 
forms are created. Major J. W. Powell defines Physzography 
as a description of the surface features of the earth, and a 
study of Physiography as including an explanation of their 
origin. 

The earth has three moving envelopes: 

1. The atmosphere which covers it to a great depth; 

2. Water, which covers more than three-fourths of its 
surface; and 

3. A garment of rock 

There are two general classes of topographic agencies, 
which may be called constructive and destructive. An ex- 
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ample of the former is a volcanic cone built of ejecta from 
the vent of a volcano which may have burst forth upon a level 
plain, or of a plain resulting from the flow of fluid lavas, 
which form a flat surface by filling up existing irregularities. 
The destructive agencies, chief among which are erosion by 
running water, wave action, wind, and frost, would be illus- 
trated by a part of the ocean's bottom, which being uncovered 
and left as dry land would possess certain irregularities, but of 
a smoothed-out and easily rolling character. Erosion and: 
wave action soon begin to attack such a surface and to cut 
stream-beds and produce topographic forms altogether differ- 
ent from its original surface. 

Among the chief constructive agencies are: 

1. Disastrophic processes by which regions sink and rise; 

2. Vulcanic processes, due to ejectment from rents in the 
earth’s surface of material brought from the interior. 

Among the chief of the destructive agencies are: 

1. Aqueous erosion, due to water flowing over the surface 
of the earth, as from rain, springs, or streams; 

2. Aerial erosion, from wind-driven sand; 

3. Corrasion, due to ripple and wave action and to gla- 
ciers; and 

4. Dtsintegration, due to changes in temperature and to 
frost. 
_ Hortzontal changes are produced primarily by aqueous 
agencies, and the action of water is the chief. agency in 
shaping topographic forms. Aqueous agencies act by erosion, 
transportation, and corrasion, and of these erosion has pro- 
duced nine-tenths of the topographic forms in the United 
States. To the topographer the forms produced by aqueous 
erosion are those commonly seen, and have been classed by 
Mr. Henry Gannett as regular forms, while those shaped by 
other agencies he calls zrregular. Aqueous erosion, being 
produced by simple actions of a kind which can be seen and 
comprehended, produces forms which can be to a certain ex- 
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tent predicted or foreseen. The forms produced by other 
agencies, being unseen, can rarely be predicted. Such agen- 
cies have produced the complicated system of mountain-folds 
of the Appalachian region. Acting on these complicated 
forms, aqueous erosion has in the same regions produced a re- 
markably complex drainage system. 

48. Classification of Physiographic Processes.—Physio- 
graphic processes, by which is meant the operations of nature 
by which topographic forms are produced, may be divided 
into four classes: 


Diastrophism, 
Vulcanism, 
Weathering, 
4. Gradation. 
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These various primary physiographic processes have been 
well classified by Doctor C. Willard Hayes in the following 
tabular form: 


I. Dzastrophism. 
1. Tangential forces, producing deformations of the strata. 
2. Radial forces, producing vertical oscillations. 


Il. Vudlcandsm. 


1. Intrusions, 2. Eruptions. 
(1) Plutonic plugs. (1) Lava flows. 
(2) Laccolites. (2) Explosive ejections. 
(3) Volcanic necks, 
(4) Dikes. 

Ill. Weathering. 

1. Agencies, Chemical. Agencies, Mechanical. 
(1) Hydration. (1) Heat. 
(2) Oxydation. (2) Moisture. 
(3) Solution. (3) Vegetation. 

2. Conditions. 3. Effects upon. [amorphic rocks. 
(1) Altitude. (1) Igneousand crystalline met- 
(2) Temperature. (2) Calcareous rocks. 
(3) Humidity. (3) Argillaceous rocks. 


(4) Siliceous rocks. 
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IV. Gradation. 
1, Agencies. 
(1) Running water, (2) Glaciers. 
a, Erosion. (3) Winds. 
6, Corrasion, 
c. Planation. 
2. Processes. 


(1) Disintegration. (2) Transportation. 
a, Chemical. a. By solution. 
6. Mechanical. 4. By suspension, 


c. By rolling. 
(3) Deposition. 
a. Alluviation. 
6. Sedimentation. 
c. Chemical precipitation. 
3. Conditions modifying Gradation. 
(1) Rainfall. (2) Declivity—effect on. 
a. Amount. a, Corrasion. 
6. Distribution. 6, Transportation, 
(3) Vegetation—effect on. 
a. Erosion. 
6. Rainfall. 
4. Drainage development. 
(1) The normal cycle—characteristics of. 
a. Youth. b, Maturity. c. Old age. 
(2) Consequent streams—courses determined; 
a. By accidental irregularities. 
6. By deformation before emergence. 
c. By deformation after emergence. 
(3) Antecedent streams. 
(4) Superimposed streamis ; 
a. From unconformable horizontal strata, 
6. From planation and alluvial deposits. 
(5) Subsequent streams. 
A. Conditions favoring stream adjustments, 
a. Successive periods of base leveling. 
6. Strata of diverse resistance. 
c. Folded structure. 
d. Local deformations of base level. 
B. Process of stream diversion. 


49. Erosion, Transportation, and Corrasion.—The ero- 
sive action of water on rocks has been enormous in amount 
and has continued through such extended periods of time a 
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to carve the giant ranges of Colorado from enormous plateaus. 
From these plateaus the drainage systems of the Colorado 
and Arkansas rivers have been worn away to such depths as 
to produce canyons and cliffs of thousands of feet in depth 
(Fig. 34). The action of water through weathering is illustrated 
in the disintegration of rock and its conversion into soil. 
Transportation has carried the material thus loosened. In the 
movement of this transported material by streams it has cor- 
raded other materials from their channels. It is thus seen that 
corrasion is effected by the detritus which running water holds 
in suspension. The rate of corrasion is increased in propor- 
tion to the volume of the stream, its velocity, and the amount 
of detritus borne, as well as by the coarseness of that detritus. 

If a stream have its source at a high altitude and be as- 
sumed to have a uniform slope thence to its mouth, its vol- 
ume, velocity, and amount of detritus borne will be greatest 
near its mouth, and there corrasion will be most rapid. Asa 
result the slope of the stream will be reduced rapidly near its 
mouth, producing as a normal profile of its bed a curve con- 
cave upward. While the slope of the bed remains great and 
the velocity consequently great, the stream has a compara- 
tively straight channel. As the slope is reduced the course 
of the stream becomes crooked and winding and its corrasive 
agencies are diverted from its bottom to its sides. Therefore, 
swift streams flow in straight channels, sluggish streams in 
crooked channels. This operation is being performed not 
only in the main stream, but in its numerous affluents to the 
minutest rill, but with different intensity. Accordingly, the 
higher branches have less power to cut and level the surface, 
and there the curves of their bed are convex upward. Sucha 
curve is the curve of the terrane, while the concave curve is 
that of the watercourse. The former is the curve of the 
upper relief of high slopes, and the latter of the valleys. 

In an arid region rainfall is scanty and spasmodic, stream- 
beds are few in number, and the drainage system is conse- 
quently imperfectly developed. There the erosion of the 
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Fic. 34.—CANYON IN HOMOGENEOUS ROCK; ALSO VALLEY, CLIFF, Dome, MOUNTAIN, RIVER, CREEK, Ponn, 
YOSEMITE PARK, CAL. 
Scale 2 miles to 1 inch. Contour interval 100 ft. 
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Fic. 35 —WATERGAPS AND PrRATING STREAMS IN MOUNTAIN RipceE, Potrsvitie, Pa. 
Scale 1 mile tor inch. Contour interval 20 ft. 
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terrane is slow, while stream corrasion is proportionately rapid 
because such rainfall as occurs is in sudden showers of great 
volume but short duration. It is thus that the canyons of 
the arid regions have been formed. , 

There is a tendency in every stream to extend its drainage 
area by erosion on all sides, the stream having the most 
rapid fall eroding its margin most quickly. Hence the stream 
having the most rapid descent draws area from others. This 
extension of drainage basins is called fzracy and is in active 
progress in the Appalachian Mountains (Fig. 35). While 
under some circumstances the courses of streams are change- 
able, under others they maintain their courses with great 
persistency. An example of the latter condition is seen in water- 
gaps (Fig. 35) and canyons. A canyon illustrates the persistency 
of stream channels (Fig. 34); it is the result of the uplift of 
a mountain range across the course of an existing stream. The 
rate of uplift has been such that the stream has been able to 
maintain its course by corrasion asthe mountain rose. Wiund- 
gaps illustrate the changeability of stream channels, since they 
are abandoned water-gaps from which the stream has been 
drained by a more powerful pirating neighbor. These are to be 
clearly distinguished from passes in mountain ranges caused 
by the erosion of divides at stream-heads. 

Since disintegration of hard or of insoluble rocks goes on 
slowly, and of soft or soluble rocks rapidly, elevated areas 
due to erosive action are as a rule composed of the former, 
and depressed areas resulting from the same kinds of action 
are generally composed of the latter class of rocks. Streams 
usually make their channels along lines of least resistance. 
The level surface of the plateau is generally the summit of 
the hard stratum of rock from which, perhaps, softer strata 
have been eroded. Other things being equal, the harder the 
rock the steeper the slope, the softer the rock the more 
gentle the slope. Applying this principle to the cross- 
section of two stream-beds, one in soft rock, the other in 
hard rock, they will be carved into forms shown in Figs. 
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36 and 37, in which the lines indicate progressive stages. 
Where the rock strata are laid in horizontal beds, alter- 
nately soft and hard, the forms resulting from stream corra- 
sion will be similar to those represented in Figs. 38 and 39. 
Where one or more horizontal beds are of nearly equal hard- 
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Fic. 37.—EROSION IN HARD ROCK. 
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Fic. 39.— EROSION IN ALTERNATE BEDS OF SOFT AND HARD ROCK. 
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ness, as sandstone underlain by granite, the canyon resulting 
from erosion will be similar in form to that shown in Fig. 4o. 
If the stream flow parallel to the strike of the inclined bed, 
similar forms will be produced, but on sloping surfaces. 

50. Topographic Forms.—As there are two general 
classes of physiographic processes, the constructive and the 
destructive, so are there two classes of topographic forms 
resulting from these kinds of agencies. 
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Among the important constructive features are: 

1. Subaqueous forms, resulting from depositions of what- 
ever kind in lakes and oceans, as spits and bars erected by 
wave action; 

2. Emergent forms, or those partly built up beneath the 
water but gradually rising above it, as deltas and storm-spits; 

3. Subaerial forms, or those produced by volcanic eject- 
ment of dust and ashes which may be blown about, and 
the outpouring of geysers and deposits from certain saline 
springs; and 

4. Subsurface forms, as faults and folds, produced by 
slipping and distortion and crumbling of the earth’s crust. 

Among the chief destructive features are: 

1. Vertical diastrophic forms, resulting from upheaval 
and subsidence, as massive mountain-ranges, plateaus, and 
emerged plains. 

2. Horizontal diastrophic forms, resulting from deforma- 
tions of the strata due to tangential forces, as faults, flexures, 
throws, and folds. 

3. Vulcanic intrusions, resulting from materials brought 
to the surface from the interior, as dikes, laccolites, and 
volcanic necks. 

4. Vulcanic ejecta, due to materials of the interior vio- 
lently erupted by volcanoes or geysers, as lava-plains, cinder- 
cones, deposits from spring-waters. 

Topo~ aphic forms are modeled— 

By the character and hardness of the rocks; 
By the geologic structure or position of bed-rock; 
By the slope of the surface ; 
By climatic conditions ; 
By accidents during development ; 
. By length of time during which eroding agents have 
acted; and 
7. By the nature and working methods of these agencies. 
Topographic forms vary according to the physiographic 
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processes which have produced them. According as these 
act they may be divided into two great classes: 

1. By vertical change; 

2. By horizontal change. 

Asa result of the former the surface of the earth moves 
up and down, producing the general forms which are said to 
result from uplift and downthrow. Asa result of horizontal 
change /and 1s transported from one locality to another. 
This form of change acts generally through the agency of 
water and, to a minor extent, of the wind. It produces the 
general forms resulting from aggradation and degradation, 
and through the action of erosion, corrasion, and trans- 
- portation. 

51. Classification of Topographic Forms.—Doctor 
Hayes has classified topographic forms in the following 
simple tabular manner: 


I. Constructtonal forms due to 
1, Diastrophism. (Fig. 21.) 2. Vulcanism. (Fig. 41.) 
(1) Emerged plains. (1) Lava plains and coulees, 
(2) Plateaus, (2) Volcanic cones. 
(3) Block ranges. 
(4) Lake basins. 
II, Gradational forms due to 


1. Aggradation by 
(1) Water. (Fig. 42.). (2). Ice. . (Fig. 41:) [drift-sheets. 


a. Alluvial cones. a. Moraines—(a) terminal, (4) 
6, Alluvial plains. 6. Eskers. 
Gaaweltass c. Sand plains. 


a. Drumlins. 
(3) Wind. (Fig. 43.) 


a. Dunes. 6, Loess plains. 
2. Degradation. 
(1) Sculptured forms. (2) Residual forms. 
(Figs. 4, 34 and 44.) (Figs. 6, 44 and 45.) 

a. Canyons and gorges. a. Plateaus. 
6. Valleys. 6. Mesas. 
¢. Plains and peneplains. c. Mountains, 
ad. Lake basins. 4 d. Ridges, hogbacks, 


e. Hills. 


Fic. 41.— VOLCANIC MOUNTAIN, CRATER, CINDER-CONE, GLACIER, AND 
MorRAINES, MT. SHASTA, CAL. 
Scale 4 miles tor inch, Contour interval 200 ft. 


123 


NF en ee eee 


— 


i * 


Fic. 42.—ALLUVIAL RIDGE, CREVASSE, SWAMP, RIVER, AND FLOOD PLAIN 
LOWER MISSISSIPPI RIVER. 
Scale 1 mile to r inch. Contour interval 5 ft. 
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Fic. 43.—SAND-DUNE, SPIT, OCEAN, BAy, LAGOON, SLOUGH, TIDAL FLAT, 
SWAMP, AND MArsH, Coos Bay, ORE. 
Scale 2 miles tor inch. Contour interval too ft. 
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Fic. 44.—DIssECTED PLATEAU, CLirF, MESA, BUTTE, CANYON, AND VOLCANIC NECK, NORTHERN ARIZONA. 
; Scale 4 miles tor inch. Contour interval 200 ft. 
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Fic. 45.—MOuNTAIN RANGE, AMPHITHEATRE, SCARP, BASIN, PEAK, AND CREEK, IRWIN, CoLo. 
Scale 1 mile to r inch. Contour interval 100 ft. 
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The following list of definitions is intended to include all 
those terms employed popularly or technically in the United 
States to designate the component parts of the’surface of the 
earth. None of the words similarly applied in other portions 
of the world are given. So far as practicable, the endeavor 
has been to refrain from defining such words or using such 
definitions as refer merely to the origin of the various topo- 
graphic forms. At the same time it has been found neces- 
sary in a few instances to define forms according to their 
variety or origin, as those resulting from volcanic or glacial 
action. In the case of names which are locally peculiar to a 
limited portion of the country, the effort has been to indicate 
the regions in which they were employed. The language 
whence derived is denoted by Sp. for Spanish, Fr. for 
French, etc.; the word ‘‘origin’’ following indicates that it 
has been generally adopted in American nomenclature. 
Acclivity: An ascending slope as opposed to declivity, 

Alkali Flat: A playa; the bed of a dried up saline lake, the soil of which 
is heavily impregnated with alkaline salts. 

Alpine: Pertaining to mountains of great height and ruggedness of out- 
line and surface, and containing glaciers. Resembling a great moun- 
tain range of southern Europe called the Alps. 

Amphitheater: A cove or angle of glacial origin near the summit of a high 
mountain and nearly surrounded by the highest summits. A small 
flat valley or gulch-like depression at the head of an alpine mountain 
drainage. Local in far West. 

Arete: A sharp, rocky crest ; a comb-like secondary crest of rock which 
projects at a sharp angle from the side of a mountain. (Fr. origin.) 

Arroyo: The channel of an intermittent stream steep cut in loose earth ; 
acoulee. Local in southwest. (Sp.) 
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Artesian Well: A well which has been excavated or drilled through imper- 
vious strata to a subterranean water supply which has its source at a 
higher level. The resulting hydrostatic pressure causes the water to 
rise in the bore to a sufficient height to overflow at the mouth of the 
well. 

Atoll: A ring-shaped coral island nearly or quite encircling a lagoon. 

Badlands: Waste or desert land deeply eroded into fantastic forms. 
Local in arid northwest. 

Bald: A high rounded knob or mountain top, bare of forest. Local in 
Southern States. 

Bank: A low bluff margin of a small body of water. 

A mound-like mass of earth. 

Bar: An elevated mass of sand, gravel or alluvium deposited on the bed 
of a stream, sea or lake, or at the mouth of a stream. 

Barranca: A rock-walled and impassable canyon. Local in southwest. 


(Sp.) 

Barrier Beach: A beach separated from the mainland by a lagoon or 
marsh. 

Barrier Island: A detached portion of a barrier beach betweeen two 
inlets, 


Base-level Plain: A flat, comparatively featureless surface or lowland 
resulting from the nearly completed erosion of any geographic area. 

Basin: An amphitheater or cirque. Local in Rocky Mountains. 

An extensive, depressed area into which the adjacent land drains, 
and having no surface outlet. Use confined almost wholly to the 
arid West. 

The drainage or catchment area of a stream or lake. 

Bay: An indentation in the coast line of a sea or lake; a gulf. 

Baygall: A swamp covered with growth of bushes. Local on south 
Atlantic coast. 

Bayou: A lake or intermittent stream formed in an abandoned channel 
of a river; one of the haif-closed channels of a river delta. Local on 
Gulf Coast. (Fr. origin.) 

Beach: The gently sloping shore of a body of water; a sandy or pebbly 
margin of water washed by waves or tides. 

Bed; The floor or bottom on which any body of water rests. 

Bench: A strip of plain along a valley slope. 

A small terrace or comparatively level platform on any declivity. 

Bight: A small bay. 

Bluff: A bold, steep headland or promontory. 

A high, steep bank or low cliff. 

Boca: A mouth; the point at which a streamway or drainage channel 
emerges from a barranca, canyon or other gorge, and debouches on a 


plain. (Sp.) 
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Bog: A small open marsh, 

Bolson: A basin; a depression or valley having no outlet. Local in 
southwest. (Sp., meaning “ purse.”’) 

Bottom: The bed of a body of still or running water. 

Bottom Land: The lowest land in a stream bed or lake basin; a flood 
plain. 

Boulder: A rounded rock of considerable size, separated from the mass 
in which it originally occurred. 

Box Canyon: A canyon having practically vertical rock walls. 

Branch: A creek or brook, as used locally in Southern States. Also used 
to designate one of the bifurcations of a stream, as a fork. 

Breaks: An area in rolling land eroded by small ravines and gullies, 
Local in Northwest. 

Bridal-veil Fall: A cataract of great height and such small volume that 
the falling water is dissipated in spray before reaching the lower 
stream-bed. 

Brook: A stream of less length and volume than a creek, as used 
locally in the Northeast. 

Brow: The edge of the top of a hill or mountain; the point at which 

a gentle slope changes to an abrupt one; the top of a bluff or cliff. 

Butte: A lone hill which rises with precipitous cliffs or steep slopes 
above the surrounding surface; a small isolated mesa. Local 
throughout far West. (Fr.) 

Cajon: A box canyon. Local in Southwest. (Sp., meaning “ box.”’) 

Cala: A creek. Local in Southwest. (Sp.) 

Camas: A small upland prairie ; a glade; a small park; a small, gently 
sloping prairie, partly wooded and surrounded by high mountain 
slopes. Local in Pacific northwest. (Sp. meaning “ bed.”) 

Canada: A verysmall canyon. Local in Southwest. (Sp.) 

Canal: A sluggish coastal stream. Local on Atlantic Coast. 

Candelas: A group of candel-like rocky pinnacles. Local in Southwest 
(Sp.) 

Canyon: A gorge or ravine of considerable dimensions; a channel cut 
by running water in the surface of the earth, the sides of which are 
composed of cliffs or series of cliffs rising from its bed. Local 
throughout the far West. (Sp. origin.) 

Cape: A point of land extending into a body of. water; a salient of a 
coast. 

Cascade: A short, rocky declivity in!a stream-bed over which water 
flows with greater rapidity and higher fall than over a rapid; a 
shortened rapid, the result of the shortening being to accentuate the 
amount of fall. 

Col: A low divide or pass forming a depression between two mountains 
and joining two valleys. 
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Cataract: A waterfall, usually of great volume; a cascade in which the 
vertical fall has been concentrated in one sheer drop or overflow. 

Cave: A hollow space or cavity under the surface of the earth. 

A depression in the ground, by abbreviation from a “ cave in,” as 
used colloquially. 

Cavern: A large, natural, underground cave or series of caves. 

Cay: A key; a comparatively small and low coastal island of sand or 
coral. Local in Gulf of Mexico. (Sp. origin.) 

Ceja: The cliff of a mesa edge; an escarpment. Local in Southwest, 
(Sp.) 

Cerro: A single eminence intermediate between hill and mountain. 
Local in Southwest. (Sp.) 

Cerrito, or Cerrillo: A small hill. Local in Southwest. (Sp.) 

Channel: A large strait, as the British Channel. 

The deepest portion of a small stream, bay or strait through 
which the main volume or current of water flows. 

Chasm: A canyon having precipitous rock walls; a box-canyon. 

Cienega: An elevated or hillside marsh containing springs. Local in 
Southwest. (Sp.) 

Cone: A low, conical hill, built up from the fragmental material ejected 
from a volcano. 

Cirque: A glacial amphitheater or basin. (Fr. origin.) 

. Cliff: A high and very steep declivity. 

Clove: A gorge or ravine. Local in Middle States. (Dutch origin.) 

Coast: The land or the shore next to the sea. 

Coastal Marsh: A marsh which borders a seacoast and is usually formed 
under the protection of a barrier beach. 

Coastal Plain: Any plain which has its margin on the shore of a large 
body of water. 

Continental Shelf: A comparatively shallow marginal ocean bed or floor 
bordering a continent; a submerged terrace bordering a continent. 

Cordillera: A group of mountain ranges, including valleys, plains, rivers, 
lakes, etc.; its component ranges may have various trends but the 
cordillera will have one general direction. (Sp. origin.) 

Coteau : An elevated, pitted plain of rough surface. Local in Missouri 
and neighboring States. (Fr. origin.) 

Coulee: A cooled and hardened stream of lava. Coulees occur as ridges 
of greater or less length and dimensions, but rarely of great height. 
Local in Northwest. 

A wash or arroyo through which water flows intermittently. 
Local in Northwest. (Fr. origin.) 

Cove : A small bay. 

An amphitheater or indentation in a cliff. It may be the abrupt 
heading of a valley in a mountain. 


ABOVE 


SAND HILLs, BENCH, TERRACE, CREEK, AND RIVER 


Praray TL. 


ALBANY, N. Y. 


Scale 1 mile to 1 inch. 


Contour interval 20 ft. 
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Crag: A rough, steep or broken rock standing out or rising into promi- 
_ nence from the surface of an eminence; a rocky projection on a cliff 
or ledge. 

Crater: The cup-shaped depression marking the position of a volcanic 
vent ; its margin is usually the summit of the volcano. 

Creek : A stream of less volume than a river. 

A small tidal channel through a coastal marsh. 

Crest: The summit land of any eminence ; the highest natural projection 
which crowns a hill or mountain, 

Crevasse: A fissure in a glacier. 

A break in a levee or other stream embankment. (Fr. origin.) 

Cuesta: An ascending slope; a tilted plain or mesa top. Local in South- 
west. (Sp.) 

Current: A continuous movement or flow, in one direction, of a body of 
water; a stream in or portion of an ocean which has continuous 
motion or flow in one direction. 

Dalle: A rapid. Local in Northwest. (Fr. origin.) 

Declivity: A descending slope, as opposed to acclivity. 

Deep: A profound or abysmal depression in the ocean bottom. 

Defile : A deep and narrow mountain pass. 

Delta : The low alluvial land about the mouth of a river which is divided 

down-stream into several distributaries. 

Depression: A low place of any dimensions on a plain surface; the neg- 
ative or correlative of elevation or relief. 

Desert: An arid region of any dimensions, barren of water other than in 
occasional flood streams or springs, frequently covered with consid- 
erable growths of cacti, coarse bunch grass, mesquite and other 
shrubs. A desert is not necessarily a plain surface, as most deserts 
are broken by the sharp escarpments and buttes which are common to 
the arid regions, by sand dunes or volcanic ejecta. A desert may in- 
clude canyons and mountains of considerable differences of elevation. 

Dike: A ridge having for its core a vertical wall of igneous rock. 

Divide : The line of separation between drainage systems; the summit of 
an interfluve. 

The highest summit of a pass or gap. 

Dome: A smoothly rounded rock-capped mountain summit. 

Draft: A draw. 

Draw: A very shallow and small gorge, gulch or ravine; the eroded 
channel through which a small stream flows. 

Drift: A slow, great ocean current. 

Drumlin: A smooth, oval or elongated hill or ridge composed chiefly of 
glacial detritus, 

Dry Wash: A wash, arroyo or coulee in the bed of which is no water. 

Dune: A hill or ridge of sand formed by the winds near a sea or lake 
shore, along a river-bed or on a sandy plain. 
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Eminence: A mass of high land. 

Escarpment: An extended line of cliffs or bluffs. 

Esker: A long, winding ridge of sand or gravel, the deposit from a 
stream flowing beneath a glacier. 

Estuary: A river-like inlet or arm of the sea. 

Everglade: A tract of swampy land covered mostly with tall grass. Local 
in South. 

Fall: A waterfall or cataract. 

The flow or descent of one body of water into another. 

Fan: A mountain delta; a conical talus of detrital material. 

Fiord: A narrow inlet with high, rocky walls; a glacial gorge filled by 
an arm of the sea. 

Flat: A small plain usually situated in the bottom of a stream gorge ; 
often applied to a small area of tillable land in the bend of a bluff- 
walled stream. 

Floodplain: Any plain which borders a stream and is covered by its 
waters in time of flood. 

Floor: The bed or bottom of the ocean. 

A comparatively level valley bottom. 

Fly: Corrupted from Vly. 

Foot: The bottom of a slope, grade or declivity. 

Foothill: One of the lower subsidiary hills at the base of a mountain. 

Fork: One of the major bifurcations of a stream; a branch. 

Fountain: A flow of water rising in a jet above the surrounding surface. 
Artesian wells, geysers and springs may be fountains. 

Fumarole: A spring or geyser which emits steam or gaseous vapor ; found 
only in volcanic areas. 

Gap: Any deep notch, ravine or opening between hills, or in a ridge or 
mountain chain. . 

Geyser: A hot spring, the water of which is expelled with steam in an 
accumulated volume in paroxysmal bursts. 

Glacier: A permanent body or stream of ice having motion. 

Glacial Gorge: A deeply cut valley of U-shaped cross-section, the result 
of glacial erosion. 

Glacial Lake: A lake, the basin of which has been carved by glacial 
action, or is dammed on one side by glacial detritus. 

Glade: A grassy opening or natural meadow in the woods; a small park. 
Applied in western Maryland to a brushy, grassy, or swampy open- 
ing in the woods. 

Gorge: A canyon; a rugged and deep ravine or gulch, 

Grade: A slope of uniform inclination. 

Grotto: A small, picturesque cave. 

Gulch: A small ravine; a small, shallow canyon with smoothly inclined 
slopes. Local in far West. 


GLOSSARY OF TOPOGRAPHIC FORMS 139 


Gulf: A gorge or deep ravine; a short canyon. Local in Southern States 
and New York. 

A bay, usually of great dimensions. 

Gully: A channel cut by running water; less than a gulch or ravine. 

Gut: A narrow passage or contracted strait connecting two bodies of 
water. 

Hanging Valley: A high glacial valley, tributary to a more deeply eroded 
glacial gorge or fiord. 

Headland: A promontory. 

Height of Land: The highest part of a plain or plateau; or, on a highway, 
a pass or divide. Local in Northeast and British America. 

Highland: A relative term denoting the higher land of a region; it may 
include mountains, valleys, and plains. 

Hill: An eminence less than a mountain rising above the surrounding land. 

Hogback: A steep-sided ridge or long hill; used to describe a group of 
sharply eroded low hills. 

A steep foothill having parallel trend to the associated moun- 
tain range. Local in the far West. 

Holl: A small bay, as Wood’s Holl, Mass. Local in New England. 

Hollow: A small ravine; a low tract of land encompassed by hills or 
mountains. 

Hook: A low, sandy peninsula terminating in curved or hook-shaped end 
forming a bay. 

Hot Spring: A spring, the water of which has a temperature considerably 
above that of its surroundings. 

Huerfano: A solitary hill or cerro, Local in Southwest. (Sp., meaning 
“ orphan.”’) 

Inlet: A small narrow bay or creek; a small body of water leading into 
a larger. 

Interfluve: The upland separating two streams having an approximately 
parallel course. 

Island: An area of land entirely surrounded by water. In dimensions 
islands range from a point of rock rising above the surface of the 
water to an area of land of continental dimensions, as Australia. 

Isthmus: A narrow strip of land connecting two considerable bodies of 
land. 

Kame: A small hill of gravel and sand made by a glacier. 

Kettle Hole: A steep-sided hole or depression in sand or gravel; a hole 
in the bottom of a stream or pond. 

Key: A cay, as the Florida Keys. 

Kill: A creek. Locally in Middle States, (Dutch origin.) 

Knob: A prominent peak with rounded summit. Local in Southern States. 

Knoll: A low hill. 
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Lagoon: A shallow bay cut off from a sea or lake by a barrier; often 
stagnant with ooze bottom and rank vegetation. It may be of salt 
or fresh water. Locally in South and Southwest. (Sp. origin.) 

Lake: Any considerable body of inland. water. 

Landslide; Earth and rock which has been loosened from a hillside by 
moisture or snow, and has slid or fallen down the slope. 

Landslip : A landslide of small dimensions. 

Lateral Moraine: A moraine formed at the side of a glacier; usually 
ridgelike in shape. 

Ledge: A shelf-like projection from a steep declivity ; a rocky outcrop or 
reef, 

Lenticular Hill: A short drumline. 

Levee: An artificial bank contining a stream channel. (Fr. origin.) 

Littoral: That portion of a. shore washed by, or between high and low 
water. 

Malpais: A badland. Local in Northwest. (Sp.) 

Marsh: A tract of low, wet ground, usu.lly miry and covered with rank 
vegetation. It may at times be sufficiently dry to permit of tillage 
or of having hay cut from it. It may be very small and situated high 
on a mountain, or of great extent and adjacent to the sea. ‘ 

Meadow: A bit of natural grassland in wooded mountains; a glade or 
small park. 

Mesa: A tableland; a flat-topped mountain bounded on at least one side 
by a steep cliff; a plateau terminating on one or more sides ina 
steep cliff. Local in Southwest. (Sp. origin.) 

Mesita: A small mesa. Local in Southwest. (Sp.) 

Mire: A small, muddy marsh or bog. 

Monadnock: An isolated hill or mountain rising above a peneplain, after 
the removal by erosion of its surrounding features. 

Monument. A column or pillar of rock. Locally in Rocky Mountain 
region, 

Moraine: Any accumulation of loose material deposited by a glacier. 

Morass: A’ swamp, marsh or bog having rank vegetation and muddy or 
offensive appearance. 

Mound: A low hill of earth. 

Mountain Chain: A series or group of connected mountains having a well 
defined trend or direction. 

Mountain: An elevation of the surface of the earth greater than a hill 
and rising high above the surrounding country. 

Mountain Range: A short mountain chain; a mountain much longer 
than broad. 

Mountain System: A cordillera. 

Mouth: The exit or point of discharge of a stream into another stream 
or a lake or sea. 
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Muskeg: A bog or marsh. Local in Northwest and British America. 

Neck: The narrow strip of land which connects a peninsula with the 
mainland. 

Nevé: The consolidated granular snow on a mountain summit in which 
glaciers have their source. 

Notch: A short defile through a hill, ridge or mountain. 

Nunatak: A rock island in a glacier. 

Ocean: The great body of water which occupies two-thirds of the sur- 
face of the earth. The sea as opposed to the land. 

Oceanic Plateau: An irregularly elevated portion of the ocean bed, of con- 
siderable extent and perhaps rising in places above the water surface. 

Outlet: The lower end of a lake or pond; the point in which a lake or 
pond discharges into the stream which drains it. 

Paha: A long ridge of fine, loamy material deposited from a stream 
which has cut a channel in a melting glacier. Local in Iowa and 
vicinity. (Indian.) 

Palisade: A picturesque, extended rock cliff rising precipitately from the 
margin of a stream or lake, and of columnar structure, 

Park: A grassy, wide, and comparatively level open valley in wooded 
mountains. Local in Rocky Mountains. 

Pass: A gap or other depression in a mountain range through which a 
road or trail may pass; an opening in a ridge forming a passageway. 

A narrow, connecting channel between two bodies of water. 

Peak: A pointed mountain summit; a compact mountain mass with 
single conspicuous summit. 

Peneplain: A land surface which has been reduced to a condition of 
low relief by the erosive action of running water, 

Peninsula: A body of land nearly surrounded by water. 

Picacho: A peaked butte. Local in Southwest. (Sp.) 

Pinnacle: Any high tower or spire-shaped pillar of rock, alone or cresting 
a summit. 

Pitted Plain: A plain of gravel or sand with kettle holes. 

Plain: A region of general uniform slope, comparatively level, of con- 
siderable extent and not broken by marked elevations and depres- 
sions; it may be an extensive valley floor or a plateau summit. 

Plateau: An elevated plain. Its surface is often deeply cut by stream 
channels, but the summits remain at a general level. The same 
topographic form may be called a plain and a plateau, and be both. 
An elevated tract of considerable size and diversified surface. (Fr.) 

Playa: An alkali flat; the dried bottom of a temporary lake, without 
outlet. Local in Southwest. (Sp. origin.) 

A small area of land at the mouth of a stream and on the shore of 
a bay; an alluvial flat coast land as distinguished from a beach. 
Local in Southwest. (Sp.)’ 
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Playa Lake: A shallow, storm-water lake. When dried it forms a playa. 
Local in Southwest. (Sp. origin.) 

Plaza: An open valley floor; the flat bottom of a shallow canyon. (Sp.) 

Pocason: A dismal swamp. Local on South Atlantic coast. (Indian.) 

Point: A small cape; a sharp projection from the shore of a lake, river, 
or sea. 

Pond: A small, fresh-water lake. 

Pool: A water-hole or small pond. 

Pothole: A basin-shaped or cylindrical cavity in rock formed by a stone 
or gravel gyrated by eddies in a stream. 

Prairie: A treeless and grassy plain. 

Precipice: The brink or edge of a high and very steep cliff. 

Promontory: A high cape with bold termination ; a headland. 

Puerto: A pass or defile through an escarpment or sierra. Local in 
Southwest. (Sp., meaning “ gate.”’) 

Quagmire: Any mire or bog. 

Quebrado: A canyon of rugged aspect; a fissure-like ravine or canyon. 
Local in Southwest. (Sp.) 

Rapid: Any short reach of steep slope between two relatively quiet 
reaches in a stream-bed. The water flows over a rapid with greater 
velocity than in adjacent portions of a stream. 

Ravine: A gulch; a small gorge or canyon, the sides of which have com- 
paratively uniform slopes. 

Reef: A ridge of slightly submerged rocks. 

A ledge of rock on a mountain. 

Relief: Elevation as opposed to depression ; the elevated portions of the 
land surface ; the irregularities of the earth’s surface. 

Ridge: The narrow, elongated crest of a hill or mountain; an elongated 
hill. 

Riffle : The shallow water at the head of a rapid; a rapid of comparatively 
little fall. 

Rift: A narrow cleft or fissure in rock, 

Rill: A very small trickling stream of water, less than a brook. 

Rincon: Corner or cove; the angular indentation in a mesa edge or 
escarpment in which a canyon heads. Local in Southwest. (Sp. 
origin.) 

Rio: A river. Local in Southwest. (Sp. origin.) 

River: A large stream of running water. A stream of such size as to be 
called a river in one locality may be called a creek or brook in another. 

Rivulet: A small river. 

Rock Cave: A shelter cave. 

Rolling Land: Any undulating land surface; a succession of low hills 
giving a wave effect to the surface. 

Run: A brook or small creek. Local in South. 
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Salient: An angle or spur projecting from the side of the main body of 
any land feature. 

Sand Dune: Any dune. 

Sandia: An oblong, rounded mountain mass. Local in Southwest. (Sp., 
meaning “ watermelon.”’) 

Scarp: An escarpment. 

Sea: A large body of salt water. 

Seep: A small, trickling stream. Local in Southwest. 

Serrate: The rocky summit of a mountain having a sawtooth profile; a 
small sierra-shaped ridge. Local in Southwest. (Sp.) 

Shelter Cave: A cave only partially underground, which is formed by a 
protecting roof of overlying rock; generally open on one or more sides. 

Shoal: A shallow place in a stream or lake; an elevated portion of the 
bed of a stream, lake, or sea, which rises nearly to the water surface ; 
a bar. 

Shore: The land adjacent to any body of water. 

Sierra: A rugged mountain range with serrate outline. Local in South- 
west and Pacific States. (Sp. origin.) 

Sink: The bottom of an undrained basin. : 

Slide: The exposed surface left in the trail of a landslide; the place 
whence a landslide has departed. Local in Northeast. 

Slope: The inclined surface of a hill, mountain, plateau, or plain or any 
part of the surface of the earth; the angle which such surfaces make 
with the level. 

Slough: A freshet-filled channel or bayou; a depression in an intermit- 
tent stream channel filled with stagnant water or mire. 

Sound: A relatively shallow body of water separated from the open sea 
by an island and connected with it at either end so that through it 
there is clear tidal flow. 

Spit: A low, sandy point or cape projecting into the water; a barrier 
beach. 

Spring: A stream of water issuing from the earth. 

Spur: A sharp projection from the side of a hill or mountain; a radial 
ridge of subordinate dimensions. 

Stillwater: Any reach in a stream of such level inclination as to have 
scarcely any preceptible velocity of flow; a sluggish stream, the 
water of which appears to be quiet or still. Local in Northeast. 

Strand: The shore or beach of the ocean or a large lake. 

Strait: A relatively narrow body of water connecting two larger bodies, 

Stream Channel: The trench or depression washed in the surface of the 
earth by running water; a wash, arroyo, or coulee. 

Stream: Any body of flowing water. It may be of small volume, as a 
rill, great as the Mississippi or mighty as the Gulf Stream in the 
Atlantic Ocean. 
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Sugarloaf: A conical hill comparatively bare of timber. Local in far 
West, 

Summit: The highest point of any undulating land, as of a rolling plain, 
a mountain or a gap or pass in a mountain. 

Swale: A slight, marshy depression in generally level land. 

Swamp: A tract of stillwater abounding in certain species of trees and 
coarse grass or boggy protuberances. 

Table: An elevated, comparatively level bit of land between two streams. 
Local in Northwest. 

Table Land: A mesa. 

Table Mountain: A mountain having comparatively flat summit and one 
or more precipitous sides. A mesa. 

Talus: A collection of fallen disintegrated material which has formed a 
slope at the foot of a steeper declivity. 

Tank: A pool or water-hole in a wash. Local in arid West. 

Terminal Moraine: A moraine formed across the course of a glacier, 
irregularly ridge-like in shape. 

Terrace: A relatively narrow level plain or bench on the side of a slope 
and terminating in a short declivity 

Terrain: See Terrane. ‘ 

Terrane: An extent of ground or territory; a portion of the surface of 
the earth ;itheland. (Fr.) 

Terrene: Pertaining to the earth, (Fr.) 

Teton: A rocky mountain-crest of rugged aspect. Local in North- 
west. 

Thalweg: A watercourse; a valley bottom; the deepest line or part of a 
valley sloping in one direction. (Ger.) 

Tidal Marsh or Flat: Any marsh or flatland which is wetted by a tidal 
stream or sea. 

Tongue: A narrow cape. 

Tower: A peak rising with precipitous slopes from an elevated table land. 
Local in Northwest. 

Tundra: An‘upland or alpine marsh, the ground beneath which is frozen. 
There are great areas of tundra in the Arctic. (Rus.) 

Upland: A highland. 

Valley: A depression in the land surface generally elongated and usually 
containing a stream. 

Vlei: See Vly. ‘ 

Vly: A small swamp, usually open and containing a pond. Local in 
middle Atlantic States. (Dutch origin.) 

Volcano: A mountain which has been built up by the materials forced 
from the interior of the earth, piling about the hole from which they 
were ejected. These may be lava, cinders ‘or dust. 
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Volcanic Neck: The solid material which has filled the throat or vent of 
a volcano, and has resisted degradation better than the mass of the 
mountain. It thus finally stands alone as a column or crag of ig- 
neous rock. 5 

Wash: The broad, dry bed of a stream; a dry stream channel. Local in 
arid West. 

Waterfall: Any single cataract. Both the terms waterfall and cataract 
may be applied to falls of like magnitude. 

Water Gap: A gap through a mountain occupied by an existing stream. 

Watershed: The ridge of high land or summit separating two drainage 

' basins; the summit of land from which water divides or flows in 
two or more directions. 
The area drained by a stream. 
Well: Any excavation in soil or rock which taps underground water. 
Wind Gap: An elevated gap not occupied by a watercourse. 


PART A, 


PLANE AND TACHYMETRIC SURVEYING. 


CHAPTER VIE. 
PLANE-TABLES AND ALIDADES. 


52. Plane and Topographic Surveying.— Plane surveying 
consists of the representation of any portion of the surface of 
the earth in horizontal plan as it would appear viewed from 
vertical positions over every point on the surface. The result- 
ing map may be considered as consisting of an infinite number 
of points, the positions and relations of only so many of which 
are established as may be necessary to define the features 
which it is desired to represent, and this constitutes the in- 
strumental work of the survey. The prime element of posi- 
tion in the construction of such a map is a point in space. 
Such a position is indefinite, however, and to introduce 
the definite elements of direction and distance it is necessary 
to add at least one other point. “The addition of a third 
point introduces trigonometric functions by which any three 
elements of a triangle, except the three angles alone, serve to 
determine all others. These trigonometric functions may be 
solved or determined mathematically in figures from linear 
measures or angles, and graphically by means of the plane- 
table. 

The element of direction or azimuth is the deflection from 
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a true north and south line, or it may be a compass bearing, 
which is a deflection from the magnetic north and south line, 
or it may be the amount of deflection from any assumed 
line. The amount of such deflection of one line from another 
is measured by the angle formed at their intersection. The 
element of @istance is measured by any unit conventionally 
established, the most definite of which in present use are the 
yard and meter (Art. 293). 

The representation of any portion of the earth’s surface 
by a fopographic map requires that, in addition to the projec- 
tion upon a horizontal plane of a sufficient number of points 
to reproduce in plan the surface of the land, there shall also 
be indicated in some way the relief of the surface or its 
changes of height above, within, or below a fixed level surface. 
Such representation is made by determining instrumentally 
the elevation of such a number of points that the survey may 
be completed by drawing in the details between them. The 
new method of topographic surveying is by the determination 
of the least number of such points, and therefore calls for the 
greatest display of artistic and topographic skill, perception, 
and judgment on the part of the topographer. 

53. Plane-table Surveying.—The plane-table (Art. 56) is 
peculiarly well adapted to the mapping of topography, not 
only because it permits of quickly and graphically obtaining 
all the instrumental data which is requisite, but also because 
it has the added advantages, 

First, of having the map made in the field while the ter- 
rane is in view of the topographer ; 

Second, the topographer can see at all times whether he 
has obtained all data necessary for the representation of the 
country; and 

Third, any insufficiency of instrumental or interpolated 
data can at once be supplied before leaving the field. 

In surveying with the plane-table the errors in measure- 
ment of horizontal angles can be so far eliminated in practice 
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that they may be neglected. In practice the horizontal pro- 
jections of existing angles are recorded graphically and are 
therefore free from errors of record, adjustment, or platting. 
In using the plane-table a number of points may have had 
their positions previously determined and platted on the map 
sheet. After the plane-table has been oriented and clamped 
each of these should be sighted from the first position occu- 
pied, and all other points in view should appear in vertical 
planes passing through the station and corresponding points 
on the sheet. Such points as do not meet this geometric test 
should be rejected until corrected or relocated graphically. 

In locating from a given station positions which are to be 
used in controlling the details of the sketching, a series of 
radial lines (Fig. 46) should be drawn from the station in all 
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directions to salient points. This operation should be re- 
peated at other stations, and the zztersection (Fig. 47) of any 
two on the same object gives its elementary location, a third 
line through the same point placing beyond doubt the accu- 
racy of its location. Accordingly, in this mode of surveying, 
constant opportunities occur for checking locations without 
calculation. The causes of failure to check may be immediately 
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tested, and the scale being ever present, it controls the amount 
of detail which it is necessary to gather. 


Another advantage of the plane-table as a surveying in- 
strumeént lies in the fact that, any two points being taken on 
the sheet as a base, a map may be ‘constructed therefrom 
independent of scale, yet perfect in its proportion, by the 
method of intersection alone. If the base chosen be a very 
long one, as the two points of a trigonometric survey, and 
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FIG, 47.—INTERSECTING ON RADIAL LINES. 


the details of the plane-table survey be included within the 
limits of the base, then the survey is a contracting one with 
a diminishing chance of error, and each pair of intersections 
which has been tested geometrically becomes in turn a base 
for further triangulation. Ultimately the length and azimuth 
of some line in this Survey may be determined and the whole 
plane-table survey thus be reduced after the completion of the 
field-work to any desired map scale. 

54. Reconnaissance and Execution of Plane-table Tri- 
angulation——Having located on the plane-table sheet (Art. 
188) two intervisible and well-defined points, the topographer 
should visit one of these and erect a signal of sufficient size 
to be visible from the most distant part of the territory cor- 
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responding to the plane-table sheet. Then selecting a num- 
ber of points visible from his position which may furnish 
satisfactory stations, a hasty reconnaissance trip is made over 
the territory, covering it all, if convenient, in the first recon- 
naissance, or perhaps only a portion, and returning to the 
reconnaissance after the plane-table work has caught up with it. 

This reconnatssance should consist in the selection of a 
few commanding and well-distributed stations, preferably on 
the highest eminences in the region under survey, and on 
each of these a signal must be erected on the point from 
which the greatest command of the surrounding country may 
be had. The distance apart of such secondary stations is 
chiefly dependent on the character of the topography and 
upon the scale of the map, and may be such as to correspond 
for the scale of the map chosen to a distance on the paper of 
five or six inches. In the course of this reconnaissance; a 
number of other stations may be selected by merely noting 
their positions and appearance, these being on prominent 
cleared points, such as bare rocks on mountain summits or 
slopes, a high lone tree, a building in a field, etc., or a few 
signal-flags may be placed, providing a sufficient number of 
such objects are not discovered. 

The topographer then begins his plane-table triangulation 
by occupying one of the two primary points and orienting on 
the other, lines being drawn to the secondary stations and to 
such other possible tertiary points as may be easily recog- 
nized (Fig. 1). He then occupies the second of the primary sta- 
tions and orients from the first, intersecting on such of the flags 
established as are visible from his position. Or, he may make 
his second station on one of the points sighted from the first, 
determining his position by resecting (Art. 74) from the sec- 
ond primary station. He continues thus until he has carried 
a secondary or skeleton triangulation over the entire area under 
survey, taking care not to spend too much time in sighting 
and attempting to locate minor and unimportant objects, but 
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devoting his attention primarily to the location of his second- 
ary stations and such other prominent objects as are readily 
recognizable and as may be of service in the further conduct 
of the plane-tabling. 

To this skeleton scheme of triangulation the topographer 
adjusts the traverse lines and the level elevations (Arts. 80 
and 129) and then proceeds to fill in the details of his map 
by further triangulation and the sketching of topographic 
forms, which should progress together hand in hand (Art. 13). 

55. Tertiary Triangulation from Topographic Sketch 
Points.— While the topographer is executing this outline tri- 
angulation, one or more assistants may be engaged in travers- 
ing roads and running lines of careful levels (Arts. 80 and 129) 
over the area under survey, so planning the latter as to well 
distribute the primary elevations to which levels of less accu- 
racy may be tied and adjusted. On the completion of the 
secondary or skeleton outline of triangulation, the topog- 
rapher will then have at his command a network of instru- 
mental control to which to tie future instrumental and topo- 
graphic details. He should adjust his traverses to his located 
points, add the elevations obtained by leveling or by vertical 
triangulation, and this network of control he proceeds to fill 
in with the topographic details (Arts. 13 and 15). 

As this filling in of details progresses he occasionally occu- 
pies tertiary plane-table stations, which should now be selected 
preferably at elevations midway of the slopes of the country, 
or. in other words, on lower elevations than the main plane- 
table stations, as in a vacant field on a hillside, a point on a 
road, or on alow bare summit. From such points he should 
not only draw lines and obtain intersections for the location 
of additional objects, as road intersections, buildings, hill- 
tops, etc., to which vertical angles must also be measured, 
but he should also sketch in as much of the detail of the 
topography as is clearly visible from his position and as is 
satisfactorily controlled by locations already obtained. 
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The above method of conducting a plane-table survey is 
not always practicable of execution. Frequently the country 
is unfavorable for the conducting of plane-table triangulation, 
owing to its being too wooded for the occupation of many 
stations, or because it is of such a generally uniform level as 
to offer few salient objects which may be located by triangu- 
lation. In such cases other methods must be employed to 
fill in the topographic details, chiefly traversing of various 
kinds (Art. 80), but in any event it is desirable when practi- 
cable to control and tie these in by a skeleton plane-table tri-- 
angulation executed between a few scattered points, which 
may be prepared for such triangulation by clearing, or by the 
erection of signals even at considerable expense of time and 
money (Art. 243). 

56. Varieties of Plane-tables.—The plane-table may be 
divided into four parts : 

t4° The tripod; 

2. Ihe movements: 

3. The plane-table board ; 

4. The alidade. 

There are in use in this country three general types of 
plane-tables, which, in the order of their rigidity and delicacy 
of mechanism, may be classified as follows : 

1. The Coast Survey plane-table ; 

2. The Johnson plane-table ; 

3. The Gannett plane-table. 

The first two differ little in the form of tripod and tripod 
legs, plane-table board and alidade, and greatly in the move- 
ment. The latter differs in all respects from the other two 
and is adapted only to crude or rough reconnaissance work. 
To these may be added a fourth type, little used but of some 
value in exploratory or geographic surveys extending over a 
large scope of rough country. This is the folding plane-table, 
which has been chiefly used in the rough map-work of the 
Powell Survey and the early Geological Surveys. Its chief ad- 
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vantages are its extreme portability, the tripod and board 
folding so as to occupy the least space. To the above 
instruments may still be added a fifth, also of the rougher 
reconnaissance kind; namely, the English Cavalry sketching 
board, which is rarely used with a tripod, being attached to 
the wrist, but oriented and used as a plane-table; this in- 
strument is sometimes erected on a Jacob’s- staff. 

57. Plane-table Tripods and Boards.—The tripod legs 
of the Coast Survey and Johnson plane-tables (Figs. 48 and 
49), which are the only two forms adapted to accurate work, 
are as lightly made of wood as is consistent with requisite 
strength, shod with brass, and at the tripod head are of suffi- 
cient width to reduce lateral motion to a minimum. 

The plane-table board is made of well-seasoned pine, 
paneled with the grain at right angles, or more usually with 
a binding strip of wood dovetailed on its two ends at right 
angles to the grain, so as to counteract as much as possible 
the tendency to warp. The upper surface should be finished 
as nearly as possible in a plane, and when attached to the 
movement this surface should always be as nearly parallel as 
possible to the plane of revolution of the movement, so 
that the two planes, shall remain parallel in all positions of 
the board. 

58. Plane-table Movements.—The movements of both 
forms of plane-table are of different construction, but both 
are of brass. Their design involves the same essentials, 
namely, sufficient strength for solidity; horizontal revolving 
faces of large enough diameter and sufficiently accurate fit to 
prevent vertical motion when clamped together; and a means 
of clamping the axis of revolution to the tripod head when 
the revolving faces have been made horizontal by the leveling 
apparatus. ; 

The details of the Coast Survey plane-table are well illus- 
trated in Fig. 48, from which it will be observed that the tri- 
pod legs are split, widely separated, and attached to the tripod 
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head by binding-screws and clamps; that the movement is at- 
tached to the tripod head by means of a center clamping- 
screw as in ordinary surveying-instruments; also that the 
leveling is effected by the usual form of three leveling-screws ; 
and that the horizontal motion is obtained by two heavy 
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circular plates sliding one upon the other, the lower attached 
to the tripod head by the center clamping-screw, and the upper 
to the plane-table board by clamping-screws, and both fast- 
ened together by a center axis of revolution. There is in ad- 
dition a clamping-screw for fixing the instrument in orienta- 
tion, and a tangent screw for slow motion. It will be observed 
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that this instrument is very heavy, is rather difficult of ma- 
nipulation because of inaccessibility of leveling and clamping- 
screws, and is in fact too cumbersome for convenient use, ex- 
cepting where travel is easy. 

The Johnson plane-table (Fig. 49), so named after its in- 
ventor, Mr. Willard D. Johnson, is used by the United States 
Geological Survey, and though not quite as rigid as the Coast 
Survey type, is sufficiently so for all practical purposes and is 
much lighter, more portable, and more easily manipulated. 
The movement is also more compact and less liable to de- 
rangement or injury. It consists of a split tripod securely 
attached to the head asin the case of the Coast Survey tripod, 
but the leveling and horizontal movements are entirely unique 
in surveying-instruments, being. essentially an adaptation of 
the ball-and-socket principle, so made as to furnish the largest 
practicable amount of bearing surface. 

They consist of two cups, one inside the other, the inner 
surface of the one and the outer surface of the other being 
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FIG. 50.— JOHNSON PLANE-TABLE MOVEMENT. 
ground to fit as accurately as possible. The interior cup con- 
sists of two parts or rings, one outside the other, one control- 
ling the movement in level, and the other that in azimuth (Fig. 
50). From each of these there projects beneath the move- 
ment a screw, and each screw is clamped by a wing nut. 
These cups and rings are bound together and to the tripod 
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head by the two nuts, and are attached to the plane-table 
board by screwing it over a center axis or pin projecting from 
the upper surface of the upper cup. The instrument is first 
leveled, not by leveling-screws, but by the ball-and-socket mo- 
tion given by the pair of cups which are clamped by the 
upper screw when the board is level, the latter being still left 
free to revolve horizontally for orientation and being clamped 
by the lower screw. There is no tangent screw for slow mo- 
tion in azimuth, it being possible owing to the long lever-arm 
furnished by the outer edges of the board to move it with 
sufficient slowness for all practicable purposes. 

59. Telescopic Alidades.—Alidades used with the more 
rigid plane-tables differ in form according to the character of 
the work to be executed. Where the instrument is used 
chiefly in triangulation, the alidade should be of the most 
approved type and the rule should be of sufficient length to 
permit its being used as a straight-edge in drawing lines from 
one extreme of the board to the other. In practice this 
rarely exceeds 25 inches in length. In using the plane-table 
in sketching or traversing a smaller alidade and one having a 
straight-edge not exceeding eighteen inches in length will be 
found more portable and better adapted to the work re- 
quired. 

The alidade generally employed by the U. S. Coast and 
Geodetic Survey consists of a brass or steel straight-edge 
24 by 3 inches in width and 12 to 15 inches long, from and 
perpendicular to which rises a brass column 3 inches in height, 
surmounted by Y’s in which rest the transverse axes of the 
telescope. To one end of the axis is firmly attached an arm 

“of thirty degrees, graduated to minutes on either side of a 
central zero, the accompanying vernier being attached to the 
Y support. On the telescope-tube are turned two shoulders 
on which rests a striding-level. There isa clamp and tangent 
screw for slow motion for moving the telescope in vertical arc, 
and on the straight-edge are two small spirit-levels at right 
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angles toeach other. A déclinatoire accompanies the alidade 
and is carried in a separate box or is sometimes attached as a 
part of the striding-level. The déclinatoire box is oblong, 
with the sides parallel to the north and south lines and grad- 
uated to about 5 minutes on either side of the zero. 

The chief difference between this alidade and the one 
used by the United States Geological Survey (Fig. 49) is that 
the straight-edge of the latter is 18 or 24 inches in length, 
with one edge beveled and graduated to the scale of map- 
work. The telescope is on a standard 4 inches high, has a 
focal distance of 15 inches and a power of 20 diameters, with 
an objective of 13 inches diameter. The telescope revolves 
horizontally in a sleeve, with a stop for adjustment of vertical 
collimation. Instead of two small levels attached to the 
straight-edge, a single detached circular level is carried by 
the topographer. 

The smaller telescopic alidade used by the United States 
Geological Survey (Fig. 51) on traverse and stadia work is 
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more like the Coast Survey alidade in having a shorter tele- 
scope and focal distance and a shorter straight-edge. The 
vertical arc, instead of being graduated on the side and read- 
ing against a vernier as is customary with other surveying in- 
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struments, is a sector, which, instead of pointing downwards, 
points towards the rear or eyepiece of the telescope and is 
graduated on its outer surface. This is read against a vernier 
fixed in such position that the reading may be made from one 
position of the observer at the eyepiece without his moving 
to the side of the plane-table as in ordinary instruments. 

‘60. Adjustments of Telescopic Alidade—There are 
practically no adjustments to the plane-table and alidade 
excepting the adjustments of the latter for striding-level and 
collimation. Adjustments or tests may be made of the 
straightness of the fiduczal edge of the rule by drawing a line 
along it, and reversing it, placing the opposite ends upon the 
marked points and again drawing a line; if the two lines do 
not coincide, the edge is not true. It is not necessary that 
the two edges of the straight-edge be exactly parallel, if care 
is always taken in using the instrument to draw along but 
one edge. 

Attached levels when used may be adjusted by placing the 
alidade in the middle of the table, marking its edges on the 
paper, and bringing the bubble to center by means of the 
leveling apparatus; then it is reversed 180 degrees, and if the 
bubble be not in the center it is corrected one-half by level- 
ing the table, and the other half by adjusting the screws of the 
attached levels. 

The striding-level is adjusted by placing the alidade in the 
center of the table, leveling the telescope by the vertical tan- 
gent screw, then reversing the level upon the telescope. If 
the bubble come not to the exact center of the tube, half of 
the error is to be adjusted by the screws in the level, and the 
other half by releveling the telescope with the tangent screw. 

In addition to the above there are a few other adjustments, 
as that of making the line of collimation perpendicular to the 
axis of revolution of the telescope, and of making the latter 
parallel to the plane of the rule, and for parallax, and to cor- 
rect the zero of vertical arc, etc. None of these need, how- 
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ever, be described, as in the alidade as now made the bearings 
of the axes are unchangeable and there is either a means of 
setting the vernier at zero or an index error is to be read. 

61. Gannett Plane-table.— Where rough traverses are run 
in connection with the making of small-scale maps, and a firm 
board is unnecessary since the telescopic alidade is not used, 
an exceedingly convenient and portable plane-table is that 
employed in the U.S. Geological Survey and known as the 
Gannett plane-table (Fig. 52), after its originator, Mr. Henry 
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Gannett. The tripod of this instrument is very light, consist- 
ing of three straight legs made of single pieces of wood, 
These are shod with metal tips and attached by bolts and nuts 
to the head, which is a simple plate 34 inches in diameter. 
The board, which is 15 inches square by 2 of an inch in thick- 
ness, is a well-seasoned piece of pine and is attached to tle 
tripod by a single center screw. There is no leveling apparatus, 
the instrument being leveled by means of the tripod legs, and 
there is no means of clamping the instrument in azimuth, the 
movement in azimuth being controlled by friction, and the 
board being held in place by friction due to the tightness with 
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which it is bound to the tripod head by the center screw. 
In running traverses the table is not oriented by backsights 
and foresights, but is adjusted in azimuth by means of a com- 
pass needle or déclinatoire having a range of 5° to 8° and 
placed in a small oblong box 3 to 5 inches in length set into 
the side of the board. 

62. Sight-alidades.—The alidade used with the Gannett 
plane-table (Figs. 52 and 53) is 6 inches in length, 0.1 inch 
in thickness, and 0.6 of aninch in width, of brass, with a fold- 
ing front sight with vertical hair 34 inches in length, with V 
sight-notch in the top and a short peep-sight in the rear. 
The fiducial edge is beveled and graduated to the scale of 
the map. 

To determine elevations of near objects in traversing with 
light traverse outfit, a small sight-alidade was devised by the 
author both for sighting directions and for determining eleva- 
tions by vertical angulation. (Fig. 53.) This consists of a 
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ruler nearly 7 inches in length, 2 of an inch wide, and ;4 of an 
inch thick, made of brass with a beveled fiducial edge divided 
to hundredths of a mile on the scale of the field-work. At the 
rear cnd is a fixed sight one-half inch high with a notched 
gun-sight, and beneath this is a fine peep-sight. At the tan 
end is a hinged sight nearly 3 inches in height, a little over 
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one-half inch in width, and with a slot 745 of an inch in width 
extending nearly its entire length. 

So far it is quite similar to the ordinary sight-alidade used 
in traversing only. It differs from this in having in addition 
a small level-bubble attached to it near the rear end, and close 
to this is a leveling-screw with milled head. The forward 
sight has ruled on it a tangential scale on which the smallest 
division is equivalent to 20 feet vertical elevation at the unit 
distance of I mile. Running on this is a slide with horizontal 
cross-hair, and the traverseman in sighting any object applies 
his eye to the peep-sight if the object is above, or to the slid- 
ing scale on the hinged sight if the object is below him, and 
moves the slide up and down until the horizontal cross-hair is 
. in contact with the top of the object sighted. He then notes 
the reading on the tangent scale, and measuring on his trav- 
erse-board in hundredths of miles the distance from his occu- 
pied point to the point sighted, he multiplies the reading of 
the scale by this distance, and the product is the difference in 
height in feet. The alidade must necessarily be leveled by 
the small milled-head screw or by the plane-table movement 
at each sight taken, and the position of the object sighted is 
determined, in case of traverse, by intersection from various 
traverse stations. 

This instrument is most used in rough traversing and 
in sketching topography where there are no roads and it is 
imposssible to carry heavy instruments, because the traverse- 
man moves either on foot or horseback; its use is limited in 
distance, but for work ona scale of one or two miles to the 
inch it gives comparatively accurate results for distances not 
exceeding cne or two miles and for elevations less than 8 
or 10 degrees. In sketching in details of topography 
along a road traveled on foot or by conveyance it is also 
convenient in determining the elevations of unimportant 
points near by, as it is much more rapidly used than the tele- 
scopic alidade. 
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63. Folding Exploratory Plane-table.—This consists of 
a folding split-leg ¢r7fod similar to those made for supporting 
photographic cameras, but a little more substantial. The 
three legs are carried in a canvas case 24 inches in length and 
3 by 4 inches in cross-section. The tripod head consists of a 
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triangular block of wood 7 inches on each side by I inch 
thick, with metal pegs on the under side into which the split 
legs of the tripod are sprung, and carrying a centre binding- 
screw for clamping the plane-table movement. This latter 
consists of three small bronze arms, in general shape like 
those of a theodolite or transit, supported by three leveling- 
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screws and having a clamp and tangent screw. (Fig. 54.) 
The top of the movement is a screw 34 inches in diameter, to 
which are fastened the cross-braces which support the board. 
These are two strips of wood, 24 inches in length by 3 inches 
in width and 1 inch in thickness, and to the four ends of 
these cross-arms are screwed the outer slats of the folding 
board. 

The plane-table board consists of 24 wooden slats, each 24 
inches in length, 1 inch in width, and } inch in thickness, and 
bound together by heavy canvas glued to one surface in such 
manner that the whole can be rolled into a compact, cylin- 
drical form and carried in a case 24 by 6 inches in diameter 
or be kept unrolled and clamped to the binding-strips. The 
surface of this plane-table board is so uneven that good work 
cannot be carried over any considerable area without appreci- 
able error. Accordingly, there is used in conjunction with 
this instrument a small theodolite with 5-inch circle, which is 
screwed to the plane-table movement in place of the board. 
(Fig. 54.) The alidade used with this instrument consists of 
a simple straight-edge of brass, 18 inches in length, with fold- 
ing sights, the foresight being a slot with two or three peep- 
holes. With this apparatus the writer has carried a system 
of plane-table triangulation, accompanied by vertical and 
horizontal angles with the gradienter, and has made a com- 
plete geographic map on a scale of 4 miles to 1 inch and with 
sketched contours of 200 feet interval, in a season of seven 
months, over an area of 11,000 square miles. The extreme 
error of location on the plane-table, as afterwards corrected 
by the gradienter angles platted to a primary theodolite tri- 
angulation, was a little in excess of $ inch in a linear distance 
of 140 miles. 

64. Cavalry Sketch-board.—This is a modified plane- 
table devised by Captain Willoughby Verner of the British 
Army. It has an extreme length of 9 to 12 inches and an 
extreme width of 7 to 9g inches. (Fig. 55.) On either side 
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are two rollers held by friction thumb-screws over which a 
continuous roll of paper is passed. At one end of the board 
is a déclinatoire or small box compass, while on its under side 
is a pivoted strap by which it can be fastened to the wrist of 
the surveyor and revolved for orientation. This apparatus is 
used chiefly as a traverse plane-table board, the line of direc- 
tion through the compass being parallel to the general direc- 
tion of the route traversed. An attachment to the under side 
of the board permits of its being fastened to a light tripod or 
Jacob’s-staff, when desired. An adjunct to its use is a light 
alidade with scale, and it is employed much as is a plane- 
table excepting that its range is limited by the angle seen 
ahead when attached to the wrist. Instead of a déclinatoire 
a small magnetic compass may be counter-sunk in a collar in 
which it can be revolved, and on the glass of the compass a 
fine line is engraved which is termed the working meridian. 
To use the board the working meridian is set in the direc- 
tion in which the traverse is being run by turning the compass- 
box around in its socket, the relative positions of the working 
meridian and the board being thus determined. The latter is 
set for sketching by revolving it on the strap pivot until the 
working meridian coincides with the magnetic needle when at 
rest. In order to prevent the paper rollers from working 
loose, a thumb-screw is provided on the end of either roller 
by which it can be clamped so as to regulate the degree of 
friction with which it moves. If a half-circle protractor is 
attached to the side of the board with a plumb-line suspended 
therefrom, the angle of a slope may be determined by sight- 
ing along the edge of the board held on edge and reading the 
position of the plumb-line on the protractor as a slope board, 
This cavalry sketching-board will prove most serviceable 
in running rough meanders or traverses, and when held in the 
hand may be used with as much accuracy as the prismatic 
compass, while there is added to the process of eye-sketching 
all the data which can be incorporated on a plane-table sketch. 


Ghar ER VIL: 


SCALES, PEANE-TABI PAPER, AND PENCILS, 


65. Special Scales.—In the execution of any topographic 
survey some special scale is selected for the field platting. 
This may be 100 feet or 1000 feet to the inch, or 1 mile to 
the inch, etc.; but be the scale whatever it may, the work of 
platting distance will be greatly facilitated by the construction 
of special scales which will reduce the field measurement 
directly to relative distances on the map. Asin Article 95, in 
which a special scale for reducing paces of men or animals or 
time of travel to map scale is shown, scales or tables should 
be constructed in odometer work, in which a certain number 
of revolutions of the wheel shall correspond directly with so 
many divisions of the platting scale (Art. 98). Such scales 
can be easily prepared by the topographer. They may be so 
divided that given distances on the scale represent so many 
revolutions; or a mile or inch scale may be used and a table 
constructed in which a given number of revolutions for a 
given sized wheel will correspond to a fixed proportion of the 
mile or inch. 

In such topographic mapping as is executed by large 
organizations, as the U.S. Geological Survey, standard scales 
are adopted for field-work, as 1: 45,000 for the larger-scale 
topographic maps and 1:90,000 for the smaller-scale maps, 
and boxwood or steel rules are obtained from the various 
makers on which a distance corresponding to a mile on a scale 
of 1:45,000 is divided into 100 parts. Then if the topog- 


rapher measures a given fraction of a mile with the odometer, 
167 


168 SCALES, PLANE-TABLE PAPER, AND PENCILS. 


chain, or stadia, he plats the same on the map, not by reducing 
it to inches (Art. 189), but by his scale of miles. Likewise 
for computing vertical angles he has but to measure the dis- 
tances between two points when the result is given him, not 
in inches, but in tenths and hundredths of a mile, and that 
quantity can be quickly computed by slide-rule (Art. 66) or 
table, since these are generally prepared for mile or foot 
measurements and not for inch measurements. 

Similar scales or diagrams greatly facilitate the work of 
platting triangulation points and projecting maps. A scale 
has been devised by Mr. A. H. Bumstead of the U. S. Geo- 
logical Survey for platting projections and triangulation points 
on a scale of I: 45,000 or multiples thereof. This saves all 
the work of reducing the odd minutes and seconds between 
platted projection lines to distances on the map scale (Art. 
188), as the scale is divided into minutes and their fractions 
of latitude and longitude on the fixed map scale. Similar 
scales may be graduated for other map units. 

66. Slide-rule—The slide-rule consists of a number of 
scales which slide one on the other and are logarithms of 
numbers platted to scale. These scales are so arranged 
that the corresponding logarithms may be brought opposite 
each other so as to mechanically add or subtract: By 
its use nearly all forms of multiplication and division, in- 
volution and evolution, including trigonometric operations and 
computations, may be performed. Slide-rules are made not 
only for the ordinary operations of multiplying and dividing, 
but also for special use in computing stadia measures and for 
computing engineering quantities of various kinds. 

A topographer who has much stadia work to compute and 
who has no specially prepared tables or diagrams for his scale 
of work should use a slide-rule. Likewise in computation of 
vertical angulation a slide-rule should be used where tables to 
scale are not at hand. The instrument performs accurately 
and without mental effort a mass of tiresome calculations, mul- 
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tiplications, and divisions, which could not possibly be worked 
out by ordinary methods in nearly so short a time as by its use. 
Where accuracy is desired slide- 


rules may now be procured made ___aisht inoext RIGHT INDEX 
with the graduations on celluloid 
facings. As a result very fine 
readings can be made, especially 
as the brass runner of the older 
forms is superseded by a glass 


plate on which fine lines are 


ruled. 
67. Using the Slide-rule.— 
The following simple explana- 
tions of the use of the slide-rule in 
such operations as the topographer 
has to perform are extracted from 
an article by Mr. G. B. Snyder a 
published in the Engineering “***° 
News. For better understanding 
of this explanation the four scales 
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the result will then be found on 
the rule under the multiplier on 
the slide. 

Example: Multiply 2 by 3. 

Using scales A and JB, set the 
lett eandex. ofa 5 sundées).2..on. A >, SFr nom. 
then over 3 on & will be found 
6 on A, and all the other numbers on B will be found to be 
in the same proportion with those on A. Thus, 4 will be 
found under 8, 6 under 12, 7 under 14, etc., or, considered 
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Asa “proportion; i!) 27: 3SOe A ee yeeros ches; Or tieate 
=4= 6, etc. These results will be proportionally the same 
whatever value we assign to the numbers, which can be con- 
sidered’ as 200) 600; 800,’ etc.; ‘as 20; 60; 80, ete), erase2; 
6, 0,,eLe: 

Rules for the position of the decimal-point are given in the 
pamphlet that accompanies the rule, but usually its position 
can be obtained by inspection. 

The above multiplication can be performed on the lower 
scales, when finer readings can be obtained. If the left-hand 
index of C is set over 2 on J, it will be found that numbers. 
above 5 on the slide protrude beyond the rule. To obtain 
these results the right-hand index of C must be set over 2 on 
PD, when 12 will be found under 6, 14 under 7, 16 under 8, ' 
etc. 

Division.—The process of division is merely the reverse of 
multiplication. The divisor is set opposite the dividend, and 
opposite the index is found the quotient. 

Example: Divide 20 by 8. 

Using the lower scales, set 8 over 20; under the index will 
be found 2.5. 

Squares and Square Roots.—On scales A and # there are 
in the length of the rule two complete sets of numbers, while 
there is only one set of numbers on scales C and D, the num- 
bers on the lower scales taking up twice the distance they do 
on the upper. To square a number its logarithm must be 
multiplied by 2, and to obtain its square root its logarithm 
must be divided by 2, and as the distances on the rule repre- 
sent logarithms of the numbers affixed to it, the numbers on 
the upper scales are the squares of those on the lower. 

To square a number, set the runner to the number on the 
lower scale, and the coinciding number on the upper scales 
will be its square. Thus, over 2 will be found 4; over 5 will 
be found 25; over 15 will be found 225, etc. 

To obtain the square root the above operation is reversed 
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by setting the runner to the number on the upper scale; the 
coinciding number on the lower scales will be the square root. 
Thus, under 9 will be found 3, under 16 will be 4, under 625 


will be 25, etc. As there are two sets of figures on the upper 


scale, care must be taken that the proper one is used; thus, 
in obtaining the square root of 9, the 9 on the left scale must 
be used, for if the runner is set to the 9 on the right-hand 
scale, its coincident number will be found to be 9.48 +, which 
is the square root of go. 

If the number whose square root is to be taken has an odd 
number of figures in it, counting the figures in front of the 
decimal-point, use the left-hand scale; if an even number, use 
the right-hand scale. Thus, with 625 use the left-hand scale; 
with 62.5 use the right-hand. If the number is all decimal, 
use the right-hand scale. 

The Solution of Plane Triangles.—The under side of the 
slide is graduated to a scale of sines and a scale of tangents, 
so that trigonometric calculations can be made on the rule. 
When the under side of the slide is uppermost, the scale of 
sines will be along scale A and the scale of tangents along 
scale D. By referring to a table of natural sines, it will be 
found that 1.000 is the sine of 90°, that .100 is the sine of 
5° 44’, and that .oro is the sine of about 0° 344’, so the right 
index of the scale is go°, the middle index is 5° 44’, and 
the left index is 0° 344’. Sines of less than 0° 344’ can be 
found by setting 344 on Z under the right index of 4; then 
over any number of minutes on 4 will be found the corre- 
sponding natural sine on A. Note the graduations on the 
scale of sines; as rules are usually graduated, every degree is 
marked between 40° and 70°. Above 70° the shorter marks 
are every 2° until the first long mark is reached, which is 80°. 
There is only one mark (85°) between 80° and the index. 

By referring to a table of natural tangents, 1.00 will 
be found to be the tangent of 45°, and .100 to be the 
tangent of 5° 43’, so the right index of the scale of tan- 
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gents is 45°, atid the leit™index Vises "43". §*Vowoprane 
tangents jessy than’ 5 430 ©set'5 ~43 "5.72" onme cer 
the right index of ); then under the angles expressed in de- 
grees and decimals on C will be found their corresponding 
natural tangents on Y. With the slide set as above, the tan- 
gent of 1° will be found to be .01745. To find the tangent 
of anglesless than 1°, set 60 opposite 1745, and minutes on 
the slide will be opposite their corresponding tangents on the 
rule. Tangents of angles greater than 45° can be obtained by 
dividing 1 by the tangent of the complement of the angle. 

Triangles can be solved very readily on the slide-rule and 
with considerable accuracy if not more than three or four fig- 
ures are necessary in the results. 

Right-angled Triangles.—Example: What is the altitude 
of a right-angled triangle, with an angle at the base of 0° 25’ 
and a hypothenuse of 1240? Here the angle is smaller than 
can be read on thescale of sines. Onthe scale of sines will be 
found a mark for single minutes near the 2° mark. Set this 
mark to the under index of .the rule, then minutes can 
be read along Z and their corresponding sines will be found 
on 4. 

As noted before, 344’ is about as low as can be read on 
the scale of sines. With the slide set as above, 34%’ will 
nearly coincide with the index, and 1’ will be found under 
.000291, which is its sine. Set the runner to 25’ on B and 
move index to runner; over 1240 will be foundg.o. The po- 
sition of the decimal-point can be found by a mental calcula- 
tion, thus: As noted before, the indexes of scale A correspond 
with 0° 344’, 5° 44’, and 90°, respectively; if the angle had 
been 90°, the altitude would have been 1240; if it had been 
5° 44’, the altitude would have been 124.0; if it had been 
0° 344’, the altitude would have been 12.40; the angle is 
0° 25’, therefore the result must be less than 12.40. 

Example: Given a right-angled triangle with a base 64 ft. 
and an angle at the base of 42° 31’; what isthe altitude ? Set 
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index over 64. Under 42° 30’ on the scale of tangents will 
be found 58.6 ft. 

Example: What is the altitude of a triangle with a base 
of 24.5 ft. and an angle at the base of 72° 15’? 

Here the angle is greater than 45°, and cannot be read on 
the scale of tangents, so the complement of the angle is used 
and divided into the base instead of multiplying. 90° — 
Vay WS 017, AS ei pact 17/45 over 24.55 under index will be 
found 76.5 ft., the altitude required. 

Owing to the ease with which numbers can be squared on 
the slide-rule, work can readily be checked by seeing if the 
square root of the sum of the squares of the two legs is equal 
to the hypothenuse. One of the simplest ways of avoiding 
mistakes is to bear in mind that sines and cosines are merely 
percentages of the hypothenuse, and that tangents and co- 
tangents are percentages of the base or altitude. 

Plane Triangles.—The preceding examples have been ap- 
plied to right-angled triangles only. The following are ap- 
plied to plane triangles in general: 

Example: Given one side and the angles of a triangle 
to obtain the remaining sides. 

Here we use the proposition: Sine of the angle opposite 
the given side : sine of the angle opposite the required 
side :: the given side : the required side. 

To solve the above problem, set 64°, the given angle, on 
scale of sines, under 117, the given side on A; then over 
76° will be found 126.3, the length of its opposite side, and 
over 40° will be found 83.7, the length of its opposite side. 

With the three sides given and one of the angles the re- 
maining angles can be found in the same way, and with two 
sides given and the angle opposite to one of them, the solu- 
tion is equally simple. 

Example: Given a triangle with a side of 81 ft. and a side 
of 60 ft., with an opposite angle of 40°. Required the re- 
maining side and the remaining angles. 
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Set 40° on scale of sines under 60 on scale 4; then under 
81 will be found 60°, being the opposite angle, and the re- 
maining angle will be 180° — (60° + 40°) = 80°; over 80° will 
be found g2, the remaining side, 

68. Plane-table Paper.—In conducting an accurate plane- 
table survey the paper employed is as important an instru- 
ment and should be selected and handled with as great care 
as other portions of the outfit. An accurate scheme of plane- 
table triangulation cannot be developed and delicate inter- 
section obtained from lines drawn on inferior paper or on 
paper that presents an uneven surface. The practice of using 
large sheets of paper only a portion of which is attached to 
the board at one time, the remainder being rolled up and re- 
tained in position by clamps, is to be discouraged. The 
rolling of the paper produces cracks and causes it to buckle in 
such manner as to render it impossible to obtain the most 
satisfactory surface on which to rest the alidade. Moreover, 
the cumbersome roll at one or both ends of the board pre- 
sents a large surface to the winds and renders it difficult to 
keep the table steady from vibration even in winds of mod- 
erate velocity. Finally, paper is very sensitive to atmos- 
pheric changes; especially is it affected by the moisture in 
or dryness of the atmosphere, and points plotted twenty to 
thirty inches apart will frequently be found in error after a 
lapse of but a few days, and by a very appreciable amount if 
any but the best paper is used. 

The best plane-table paper is double-mounted, and is pre- 
pared in the following manner: A rectangular wooden frame 
a little larger than the size of the sheet required is made, and 
over it is tightly stretched, by means of tacks, a piece of the 
ordinary muslin or cotton cloth used in map-mounting. To 
each side of this is pasted, with the right surface out, a sheet 
of the best drawing-paper, so oriented that the grain of the 
two sheets will be crossed at right angles. The result is a 
sheet of ‘‘double-mounted” drawing-paper; one which is 


PREPARATION OF FIELD SHEETS. 175 


least affected by atmospheric changes, and it has been found 
by experiment that such changes affect it almost uniformly in 
all directions. Therefore, if variations take place in its di- 
mensions, they are of such kind as may be largely eliminated 
by a uniform reduction or enlargement of scale. Such 
double-mounted paper can now be purchased of most of 
the larger dealers in drawing and surveying instruments, 
and the best paper for this purpose has been fcund to be 
paragon grade of heavy eggshell or double elephant paper. 
Such plane-table sheets cannot be rolled, and must be trans- 
ported in flat wooden boxes, or else be laid against the sur- 
face of the plane-table board and carried in a suitable canvas 
or leather case. 

For less important plane-table work, especially where 
plane-table triangulation is to be frequently checked by in- 
strumental triangulation, or for plane-table traverse, ordinary 
single-nounted drawing-paper of good quality may be used, 
and this may be rolled, though even in such classes of work it 
is preferable to use single sheets and transfer from one to an- 
other by long orienting marks on the board and on the paper. 
For plane-table work in a region where the sun is so very bright 
that the glare affects the eyes, asin the arid regions of the 
Southwest, it has been found desirable to use ¢7zzted drawing- 
paper in preference to plain white, and the most satisfactory 
tints and those which appear to affect the texture of the 
paper itself least are the neutral tints between Paine’s gray 
and slate-blue. Ce//ulotd sheets are very useful in regions 
like the Adirondacks or the Northwest, where there is much 
rain and dew. With this, work can often be done on fair 
mornings, when the wet from brush and leaves of trees would 
soon soak common paper. 

69. Preparation of Field Sheets.—In sls h ine a plane- 
table survey of a given region a number of plane-table sheets 
should be prepared of such a size as will fit the board. On 
these the work should be so planned as to leave ample 
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margin on each edge to permit of transferring from and con- 
necting between the various sheets. On each sheet should 
then be platted at least two points (Art. 188), the relative 
positions and distances between and azimuths of which have 
been previously determined by instrumental triangulation of 
primary or secondary order. In case no such prior triangu- 
lation exists, a suitable location should be chosen and a tem- 
porary base line carefully measured with long steel tapes or 
wire (Art. 204), and plotted on the sheet as nearly as possible 
in correct azimuth and in the relative position which its loca- 
tion on the ground bears to the area under survey. From 
the ends a plane-table triangulation may be expanded as 
from located trigonometric positions. In extreme cases, 
where absolute distances are not essential or where work is to 
be checked by an after-primary triangulation, two points 
may be selected as initial stations and their relative positions 
be fixed on the plane-table sheet, the distance being esti- 
mated and the azimuth marked by means of a magnetic 
needle. If later a geodetic triangulation locates two con- 
nected points and an azimuth within the surveyed area, the 
map may be adjusted. 

Where careful 'plane-table triangulation is being con- 
ducted, poznts should not be transferred from one plane-table 
sheet to another. Each sheet should have located upon it at 
least two points, the positions of which have been deter- 
mined and computed by geodetic methods. If for any 
reason this is impossible, it should be assumed that the aci 
of transferring from one sheet to another has distorted o¢ 
affected unfavorably the plane-table triangulation, and in 
order that this shall be in one direction only, and therefore 
susceptible of after-correction, only two points should be so 
transferred, with the intention that ultimately a scheme of 
instrumental triangulation may be extended over the area 
under survey and the plane-table work be adjusted thereto. 

The first desideratum in fastening plane-table paper to the 
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board is that it shall be held firmly and equally, and so as 
not to be disturbed in its position by the friction of the 
alidade or by ordinary winds. One means of effecting this is 
by brass spring-clamps; a second is by ordinary thumb-tacks; 
and a third by screw-tacks. The latter are decidedly the 
better. Clamps, being large, are liable to accidental dis- 
turbance, they do not hold the paper firmly, and are at all 
times therefore liable to permit a movement of the paper. 
The ordinary thumb-tacks hold the paper firmly when in 
place, but are easily loosened and lost, while in high winds 
the whole paper may be suddenly ripped from the board. 


Fic. 57.—DouBLE SCREW TO HOLD PLANE-TABLE PAPER. 


A, plane-table board. B, hollow brass wood screw. 
C, milled head brass clamping screw. 


The paper should bear at all times the same relation to the 
board and should be so immovable as to form practically a 
part of it. A thumb-tack which fairly fills the requirements 
has a screw-thread cut on the spike, and the head has holes 
sunk into it so that these may be clamped by a spanner and 
the tacks screwed into the wood. These, however, project 
so as to interfere with the free movement of the alidade. 
The plane-table boards of the Geological Survey have a special 
attachment set into each of the corners and sides, which con- 
sists of a brass cylinder having a screw-thread on the outside 
by which it is sunk into and flush with the surface of the 
board, and the inner surface has a female screw, into which a 
milled-head clamping-screw is fastened through the paper. 


(Fig. 57-) 
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70. Manipulation of Pencil and Straight-edge.—All 
lines drawn on the plane-table board should be made with the 
hardest of pencils sharpened to a very fine point, and the lines 
should be drawn lightly and carefully and close to the edge of 
the rule. Great care should always be taken to hold the 
pencil in the same position, either very close under the edge 
of the alidade or vertically, so that its point shall be invari- 
ably at the same distance from the edge, and the same side of 
the straight-edge should always be employed, lest the two 
sides be not truly parallel or bear a wrong relation to the 
axis of the telescope. If any part of the straight-edge is 
raised from the paper, especial care must be observed that 
the pencil does not run under its edge and thus deviate from 
the straight line. 

It is desirable not to draw lines the full length of the 
sight, but short lines should be drawn on the paper approxi- 
mately at the location of the point which is sighted, and other 
short lines should be drawn at each end of the straight-edge, 
so that the latter may at any time be laid correctly on the line 
sighted (Fig. 47)... The alidade should never be moved by 
sliding it over the surface of the table, but in changing its po- 
sition it should be lifted up and carefully set down again on the 
table, so as not to rub the lines or soil the paper. When an 
intersection of two or more lines is obtained, the point located 
should not be pricked with a pin or pencil. point, but the 
location should be pricked lightly and finely with a delicately 
pointed needle. A needle-point should never be inserted 
in the paper at the point located so as to be used as the fulcrum 
about which to rotate the alidade, but the latter should al- 
ways be lifted up and laid down with its edge against the 
located point and in the same relation thereto as were the 
lines drawn to the point with the pencil; that is to say, the 
under edge of the rule must bisect or be tangent to the point 
according as was the pencil-point in drawing the line which 
produced the location. 
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71. Needle-points, Pencil Holders and Sharpeners.—In 
running a traverse, and in the execution of plane-table 
triangulation, the little devices and tools with which the 
topographer is provided aid greatly in facilitating his work. 
A fine needle-hole may be made to mark the location of a 
triangulation station. In traversing, however, the work is 
greatly expedited by sticking a very fine needle into the board 
around which to revolve the light sight-alidade. In this 
manner the topographer has not to watch the point on the 
paper to see that his alidade is tangent to it, but has simply . 
to press the alidade edge against the needle-point. Such 
needle-points are made by taking a No. 10 needle, breaking it 
in half, and melting a sealing-wax head upon it. In this 
manner the short stem renders it less liable to be broken, and 
the head gives something large enough for the topographer to 
handle readily and press with force into the paper. 

It is slow work attempting to get a sufficiently sharp and 
satisfactory edge on a pencil with a penknife, and as the 
pencil must be sharpened frequently in order to keep it in 
condition for fine work, sand-paper sharpeners, preferably in 
the form of pads, as furnished by dealers, should be provided, 
and these should be carried attached to the board by a string, 
so as to be always at hand for rapid renewal of the pencil- 
point. ; 

In order that the rubber eraser and the pencil shall be 
always in the most accessible places, leather pencil pockets or 
holders should be provided in which pencils can be carried by 
attaching the holders to the outer garment of the topographer. 
These holders help protect the pencil-point. The rubbereraser 
should either be tied bya string to the board, or, better, metal 
tips provided with rubber should be supplied for all pencils. 
A sufficient number of these should be carried for renewals, 
and thus the rubber is always handy when it is attached to 
the reverse end of the pencil. 


CHAPLITEREIX. 
PLANE-TABLE TRIANGULATION. 


72. Setting up the Plane-table—In sighting signals 
these should be bisected as near the base as possible, and 
signal-poles should be straight and perpendicular, and the flags 
upon them white or black according to the color of the back- 
ground against which they are to be seen. They should be 
of such size as to be visible at the greatest distance from which 
they must be observed. The positions of the stations should 
be well marked with a small cairn of rocks and by measure- 
ment to some near-by witness-mark, so that if the signals are 
disturbed their positions can be readily found, 

The theoretic requirements of setting up a plane-table at 
a station are: 

1. The plane of the board should be horizontal, 

2. The projection of the station on the map should be 
vertically over its position on the ground. 

3. The meridian of the point on the plane-table sheet 
should be in the plane of the meridian of the station. 

The first of these requirements is met by a proper con- 
struction of the instrument. For small-scale maps, as those 
of more than 1000 feet to the inch, the second requirement 
does not necessitate the plumbing of the platted point exactly 
over the station, since the instrument can generally be set up 
near enough by eye. On maps of larger scales the location 
on the plane-table corresponding with the point occupied must 
be plumbed over the latter; that is to say, the center of the 
board is not plumbed over the station-mark, but the platted 
point itself. If the plane-table be set up by eye, it can easily 
be fixed within six inches of its true position. Ata range of 
half a mile such an error would subtend an angle of less than 
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a minute, and angular errors of such small amount may easily 
be neglected. 

The third of the above requirements is met by orzentation 
of the plane-table board. This is its adjustment in azimuth, 
by which all lines joining points on the sheet are made par- 
allel to corresponding lines in nature. 

The zuclination of the board from the true horizontal 
plane or the amount which it is out of level affects the location 
in azimuth far less than would be at first estimated. This is 
well illustrated in the following table, prepared by Mr. Josiah 
Pierce; jr. 


WABI Ve 


ERROR IN HORIZONTAL ANGLE DUE TO INCLINATION OF 
PLANE-TABLE BOARD. ~ 


Inclination Angle when Angle when : 
of Board. - Level. Inclined. Maximum 
7] a Bp | Errors, 


° 
° 
~ 
~ 
= 
2 
3 
~ 
~ 
= 


I 45 00 08 44 59 52 o 16 
2 45 00 36 44 59 53 I 03 
33 45/) 01) 10 44 58 49 2a 
4 45 02 06 44 57 54 4 12 
5 45 03 16 44 56 43 Og 
6 45 4 43 44 55 16 9 27 
7 45 06 26 AA Soest 12 52 
8 45 08 24 44 51 33 16 51 
9 AS tOw 38 44 49 20 PEt ates 
bao) 45) 103.00 44 46 50 26 Ig 
II ASt Ue Sif 44 44 03 31. 54 
12 45 18 59 44 41 OI 37 58 
13 45 22 12 44 37 42 44 36 
14 45 25 55 44 34 05 51 50 
15 45 29 47 44 30 I4 59) 33 


From the above it appears that a plane-table or theodolite 
may be 15° out of level before the maximum error in the 
measurement of a horizontal angle will approach 1°. 

Also, the error in azimuth isa maximum when a+f=g0°, 
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The above results may be obtained by the following sim- 
ple formula: 


Ci f 
Ss approximately, oy.) sees ene) 


in which @ is the inclination of the board or angle which it 
makes with the horizontal. 

Thus, if the board were out of level 1°, the maximum 
errer in azimuth which would be produced would be about 
16’, an amount scarcely appreciable at 12 feet. An error in 
level of 3° would only produce an appreciable maximum 
ettotol,2 21% 

73. Location by Intersection.—There being platted upon 
the plane-table paper (Arts. 69 and 188) the known positions 
of at least two points which are in view from the station over 
which the plane-table is set up, the succeeding plane-table 
triangulation consists in the determination of the relative 
positions on the paper of additional points in nature. This 
should, so far as practicable, be accomplished by the method 
of zztersecttons. This is accomplished by previously occupy- 
ing known positions and by constructing a graphic triangula- 
tion on the plane-table board from these, including unknown 
positions which are platted in the course of the work. Where 
this is not practicable, as is occasionally the case, because of 
the impossibility of occupying some of the known positions, 
the work must be performed by the method of resections (Art. 
74), by which unknown points are occupied and positions 
determined and platted on the paper by sighting to known 
points. 

The controlling condition in the conduct of plane-table 
triangulation is that the board shall be in orzentation (Art. 
72). Let the station P be occupied, and # be its platted posi- 
tion on the plane-table board (Fig. 58, A). . Let a, 6, c be 
the platted positions on the board of the signal A, the church- 
spire B, and the flag C. The plane-table board being leveled 
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Fic. §8.—INTERSECTION WITH PLANE-TABLE, 
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and oriented approximately by eye by ranging the lines from 
p towards a, 6, cin the directions of the corresponding signals, 
A, B, C, the edge of the alidade is placed on the line fa, and, 
the horizontal motion being unclamped, the board is swung in 
azimuth until the cross-hairs bisect the signal Ad, when the 
horizontal motion is clamped. The alidade is now placed 
successively on the lines pb and fc. If in sighting the 
signals B and C the cross-hairs bisect these, the instrument is 
oriented. If it does not exactly bisect them, there is some- 
thing wrong with the platting on the known points or with 
the observation of one or more of the signals. If the posi- 
tions of the points have been accurately determined ana 
platted, the cross-hairs must bisect all of the signals on known 
stations when observed from any known position. 

The orientation of the board being now verified, plane. table 
triangulation 1s extended by placing the edge of the alidade 
on the point # and swinging it until the cross-hairs bisect a new 
signal, D, towards which a line isdrawn. Lines are also drawn 
along the edge of the ruler when it is pointed to a chimney, 
a cupola, or to other visible and easily distinguishable objects, 
the near end of the alidade being of course on the point p. 
Everything which is observable from this station and which. 
may possibly be recognized from succeeding stations being now 
indicated on the paper by lines drawn from J, the alidade may 
be moved and sighted successively to each of the points ob- 
served, and the vertical angle read to them and recorded 
(Art. 160). The work of this station is then completed, and 
the topographer moves'to the next station, 4. 

Having oriented the board on the second station as before, 
by placing the edge of the alidade against the known and 
occupied point a and sighting successively to the known points 
P, B, C, etc., the orientation is verified by observing if the 
edge of the alidade passes through the located points f, 2, ¢, 
etc. If so the topographer proceeds to zztersect some of the 
lines previously drawn from the first station, P. The line 
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drawn towards the new point, D, intersects the line drawn 
from P in the point d, which is its position (Fig. 58, 2). 
Likewise intersections are made on the cupola, the chimney, 
etc., by sighting these and drawing lines along the edge of 
the ruler. 

The positions of the points thus determined are not con- 
sidered sufficiently well established for the propagation of 
triangulation unless a third intersection is had on them for 
the purpose of verzfication. Where it is difficult to get a third 
intersection, locations by two lines will answer sufficiently 
well for intermediate or tertiary points, but every effort 
should be made to get a third intersection (Fig. 58, C), pro- 
viding anything of moment is dependent upon the position. 
The third intersection is had as in the case of the previous 
ones by occupation of one of the remaining points, B or C, or 
perhaps by cccupation of the new point, DY. In the latter 
event, only two lines having been previously drawn through d, 
its position is more accurately verified after orientation on the 
previously occupied stations P and 4 by resection from the 
occupied stations 8 and C. In this event it may be necessary 
to unclamp the board and swing it a trifle in azimuth as 
described in the three-point problem (Art. 75), in order to get 
a more exact location than is given by two intersections. 

74. Location by Resection.—The three-point problem calls 
for the finding of distances from an unknown and occupied 
point to three others whose relative positions and distances 
are known. Only the constructive or graphic solutions of the 
problem are here given, and not the theoretic or trigonometric, 
since the operation of locating a point on the plane-table is 
graphic and not trigonometric. 

The determination of an unknown point graphically on 
the plane-table is performed by the method of resectzon, 
which consists in the occupation of the unknown point with 
the plane-table and the sighting from it to the three known 
points, on which well-defined signals must be erected and the 
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positions of which are previously plotted upon the plane- 
table sheet. The determination of the unknown position 
may be accomplished by several methods, the earlier of which 
is known as Bessel’s, from its inventor, though the most sat- 
isfactory method, and that now almost universally employed, 
is known as the Hergesheimer or Coast Survey method. In 
addition there is an approximate but rapid and practical 
method by means of tracing-paper, generally known as the 
graphic method, and there are also the less well-known and 
rarely employed Lehmann’s and Netto’s methods. 

75. Three-point Problem Graphically Solved.—Three 
simple, practical rules for determining the location of an un- 
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FIG. 59. —THREE-POINT LOCATIONS. 


known point on the plane-table by means of the three-point 
problem are the following (Fig. 59): 

1. When the new point is on or near the circle passing 
through the other points, the location is uncertain. 
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2. When the new point is within the triangle formed by 
the three points, the point sought is within the triangle of 
error. : 

3. When the new point is without the triangle, orient on 
the most distant point, then the point sought is always on the 
same side of the line from the most distant point as the point 
of intersection of the other two lines. 

The last rule is that most usually called into requisition, 
and is perhaps the most important in aiding in the quick de- 
termination of the unknown position. 

76. Tracing-paper Solution of the Three-point Prob- 
lem.—By the use of tracing-paper the three-point problem 
is solved approximately with great rapidity. Setting-up the 
table on the unknown point P (Fig. 58), fasten on it a piece 
of tracing-paper of sufficient size. to include the positions 
of all four points. A fine point is marked upon it to repre- 
sent the position of f and as near the actual location of that 
point on the pape®Can be estimated by eye. The alidade is 
then centered about the point # and pointed successively at 
the three known points 4, B, and C, and the lines fa, pA, 
and gc are drawn on the tracing-paper. The alidade being 
then removed and the tracing-paper released, this is so shifted 
over the plane-table sheet that the line fa shall always pass 
through the located point a, the line pd through the located 
point 4, and the line fe through the located point c. Then, 
with all three lines passing through the known points, the 
point f is exactly over its correct position on the plane-table 
paper, and may be pricked through to the latter. 

As this method is approximate only because of the little 
inaccuracies introduced in stretching the tracing-paper; or 
because of its wrinkling and the difficulty of drawing very fine 
lines on the tracing-paper and properly superimposing this, 
it is well, where an exact location of d is desired, to.then test 
the position of the latter by resection from the known points, 
when asmall triangle of error may be found. This will be so 
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small, however, that a trifling movement of the board will 
bring the table into exact orientation, and frequently with 
much greater accuracy and ease than by using the graphic 
three-point method only. 

77. Bessel’s Solution of the Three-point Problem.— 
Bessel had two methods of solving this problem, only the first 
of which will be described, as the other is less practical. The 
plane-table is put in position at the unknown station from 
which the three known points must be visible, and the position 
of the unknown point can then be found as follows, provid- 
ing it be not in the circumference of a circle passing through 
the three fixed points: 

A quadrilateral is constructed with all the angles within 
the circumference of a circle, one diagonal of which passes 

‘through the middle one of the three fixed points and the point 
sought. On this line the alidade is set, the telescope directed 
to the middle point, and the plane-table oriented. Resections 
‘upon the extreme points intersect on this line and determine 
the position of the point sought. In Fig. 60, let a, d, ¢ be 
the platted position of the known points; the plane-table 
being set up on the unknown station D and leveled, the alidade 
is set on the line ca, and the end at a is directed, by revolving 
the table, to its corresponding signal A, and the table clamped; 
then, with the alidade centered on c, the middle point B is 
sighted with the alidade and the line ce drawn along the edge 
of the rule; the alidade is then set upon the line ac, and the 
telescope directed to the signal C by revolving the table, and 
the table clamped. Then, with the alidade centering on a, the 
telescope is directed to the middle signal B, and the line ae is 
drawn along the edge of the rule. The point e (the intersec- 
tion of these two lines) will be in the line passing through the 
middle point and the point sought. Set the alidade upon the 
line de, direct 4 to the signal B by revolving the table, and the 
table will be in position. Clamp the table, center the alidade 
upon a, direct the telescope to the signal 4, and draw along 
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the rule the line ad. This will intersect the line de at the 
point sought. Resection upon C, by centering the alidade on 
¢ in the same manner as upon 4, will verify its position. 
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In the use of the Bessel methods for the determination of 


position, the triangle formed by the three fixed points can be 
contracted or extended as may be desirable, by drawing a line 
parallel to the one joining the two extreme points, terminated 
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by those joining the extremes with the middle point. The 
lines laid off at these representative extreme points, in the 
manner described for the extremes, will intersect in the line 
passing through the middle point and the point sought. 

This affords the means of using a point in view which 
would not-be within the size of the table when the other two 
points are shown, by contracting the triangle formed by the 
three points until both extremes are brought within the table 
size and within reach of the alidade. A resecting line for the 
point off the table can be drawn from its signal near the esti- 
mated position of the point sought, and a line drawn through 
the corresponding point off the table, parallel to this, will 
determine the precise position of the point sought, to be veri- 
fied by resection on the other extreme point. 

78. Coast Survey Solution of the Three-point Problem- 
—This method depends upon the fact that when the plane- 
table is set up and is not in orientation, resection from any 
three known points, except from a point on the circumference 
of a circle passing through these points, will form a triangle 
called the ¢rzangle of error, or two of these lines will be par- 
allel and intersected by the third. The position of the true 
point can then be determined graphically from these several 
intersections, and is always at the point of intersection of the 
arcs of the circles drawn through each two points and the 
point of intersection of the lines drawn from them. There 
are numerous practicable modes of locating the point sought, 
and these have been divided into several classes, and these 
again into several cases or subdivisions for convenience of 
description (Fig. 59). his classification is based upon the 
location of the true point in relation to the triangle of error, 
the triangle formed by the three fixed points being called the 
great triangle, and the circle passing through these points the 
great circle. The topographer is supposed to face the signals, 
and directions right and left are given accordingly. 

Class t«. When the point sought falls within the great 
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triangle, the true point is within the triangle of error. If the 
line from any of the view-points falls to the right of the inter- 
section of the other two points, turn the table to the left; 
and if to the left, turn it to the right. 

When the point sought is without the great triangle, the 
true point is also without the triangle of error and is situated 
to the right or left of it, according as the table is out of posi- 
tion to the right or left. 

Class 2. When the point sought falls within either of three 
segments formed between the great circle and the sides of the 
great triangle, the true point is on the side of the line from 
the middle point opposite to the intersection of the lines from 
_ other points. Also, where the three fixed points are in a 
straight line, in which case the three points are considered as 
being on the circumference of a circle of infinite diameter, the 
true point always lies within one of the segments of the great 
circle. 

If the line from the middle point is to the right of the 
intersection of the other two, turn the table to the right, and 
if to the left, turn it to the left. 

Class 3. When the point sought falls without the great 
circle and within the sector of either angle of the great tri- 
angle, the true point is on the same side of the line from the 
middle point as the intersection of the lines from the other 
two points. 

If the line from the middle point is to the right of: the in- 
tersection of the other two, turn the table to the left, and if 
to the left, turn it to the right. 

Class 4. When the point sought is without the great circle 
and the middle point is on the near side of the line joining 
the other two points, the true point is without the triangle of 
error, and the line drawn from the middle point lies between 
the true point and the intersection of the other two lines. 
Also, when the point sought is on the range of either of the 
two points, and the table deflected from the true position, the ; 
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lines drawn from these points will not intersect, but will be 
parallel to and intersected by the line drawn from the third. 
The true point is then between the two parallel lines. 

When the line from the right-hand station is uppermost, 
turn the table to the right, and when that from the left is 
uppermost, turn the table to the left. 

79. Ranging-in, Lining-in, and Two-point Problem.— 
It is sometimes desirable to place the plane-table in position 
at an unknown point from which only two known points are 
visible. This may be easily done in the following two cases 
by methods known as ‘‘ ranging-in” and ‘‘ lining-in.” 

Ranging-in consists in determining the position of a point 
on a line already drawn on the plane-table, but elsewhere on 
that line than at the position of the point sighted. In Fig. 
61 let 4 and B be the positions of the two known points, and 
let 4C be a line drawn from A towards the point C. When 
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the topographer reaches C let him find it, for some reason, in- 
accessible; it may be a tree, a building, or some other object 
near which, but not over which, he may set up. Aligning 
himself, therefore, by eye in the direction AC by means of 
range-poles or by sighting over the top of C at A, he sets 
up the plane-table on the line thus sighted by placing the 
alidade on the line ac and resecting on A, and clamping the 
table, when it will be in orientation. Placing the end of the 
alidade now on the point 6 and resecting on B, the line drawn 
along the edge of the rule will intersect the line ac at the 
point c’, the position sought. 

In /éning-in, the positions of the points A and B (Fig. 62) 
are known and located on the plane-table sheet at a and d, anda 
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line having been drawn from one of the stations 4 towards an 
undetermined point, C, it is desired to locate another undeter- 
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mined point, C’, on the line ad, but at a considerable distance 
from either point. The topographer, finding a suitable posi- 
tion at C’, proceeds with the aid of an assistant, d, to place 
himself in a line between A and &. Standing some distance 
apart, they line one another in, the topographer, ¢c’, by sighting 
over his assistant, d@, at 4; the assistant, d, sighting over the 
topographer, C’, at C; then they motion each other backwards 
and forwards at right angles to the line ac until each finds the 
other exactly in line with his range-point. The topographer 
is then on the line sighted from A to C, and may set up his 
plane-table and, placing the alidade on ac, resect on A, when 
the board will be in orientation. Now, setting the alidade on 
point 6 and resecting on 4, a line drawn along the edge of 
the rule will intersect the line ac in the undetermined point c’. 

A more difficult case of making a location by the two-point 
problem is the following: Two points A and & (Fig. 63), not 
conveniently accessible, being located on the paper at a and 4, 
it is desired to put the plane-table in position at a third point, 
C. A fourth point, D, is selected, such that the intersection 
from C and Dupon A and & make sufficiently large angles for 
good determinations. Put the table approximately in position 
at D, by estimation or compass, and draw the lines Aa, Bd, 
intersecting ind; through d draw a line directed to C. Then 
move to and set up at C, and assuming the point ¢ on the 
line dC, at an estimated distance from d@, and putting the 
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table in a position parallel to that which is occupied at D, by 
means of the line cd draw the lines fromc to A, and from ¢ to 
B. These will intersect the lines dA, dB at points a’ and J’, 
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which form with c and d@ a quadrilateral similar to the true 
one, but erroneous in size and position. 

The angles which the lines ab and a’d’ make with each 
other is the error in position. By constructing now through 
ca line ca’ making the same angle with cd as that which ad 
makes with a’é’, and directing this line ca’ to D, the table will 
be brought into position, and the true point, c, can be found by 
the intersections of aA and 62. Instead of transferring the 
angle of error by construction, it may be convenient to pro- 
ceed as follows, observing that the angle which the line a’0’ 
makes with ad is the error in the position of the table. As 
the table now stands, a’d’ is parallel with AB, but it is desired 
to turn it so that aé shall be parallel to the same. If, there- 
fore, the alidade be placed on a’d’ and a mark set up in that 
direction, then placing the alidade on aéand turning the table 
until it again points to the mark, @é will be parallel to 4B 
and the table be in position. 


GHAP TER UX: 
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80. Traverse Surveys.—In making topographic surveys— 

1. The area mapped may of necessity be surveyed by 
running meander or traverse lines where it is impossible or 
impracticable to conduct the work by triangulation; or 

2. Traverse lines may be run in conjunction with a 
trigonometric survey to fill in the details which cannot be 
economically reached by such methods. 

Rarely can a topographic survey be made in the most 
satisfactory manner by trigonometric methods alone and 
without the aid of traverse work. Such conditions may be 
met in country of bold features, quite open, where numerous 
natural objects may be at all times visible for triangulation 
intersection or where stadia-rods or flags may be readily seen 
from every station occupied. Ordinarily, in any country the 
lower lines of the terrane are not visible from the triangula- 
tion stations, and therefore their topography is most easily 
obtained by means of traversing. 

In running traverse surveys the errors naturally due to the 
measurement of distances and azimuths are of such amount as 
to be perceptible in maps of almost any scale, and they must 
therefore be adjusted or eliminated by tying either to 
traverses of greater refinement (Arts. 82 and 226) or to posi- 
tions located by the trigonometric survey (Art. 73). Traverses 
made in connection with topographic’ mapping are of several 
degrees of accuracy, according to the amount of trigonometric 
or other control available for their adjustment. Where the 
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summits are of comparatively uniform elevation and are 
timbered, and it is therefore difficult to conduct triangula- 
tion, it may be more economical to control the surveys 
by traverses. In making surveys in this manner, covering 
large areas on small scales, as I or 2 miles to the inch, 
primary traverses (Art. 226) are run about the area to be 
surveyed, and these are executed with the greatest care, 
almost as in the measurement of base lines (Art. 202), and 
they are adjusted to one or more astronomic positions (Part 
V1). Between such primary traverses the topographer will 
run secondary traverses with transit (Art. 85) or plane-table 
(Art. 81), preferably the latter; distances being measured by 
stadia, chain, or odometer, according to circumstances. 
Where the roads are level, have few short bends, are mostly 
in long tangents and are open, measurements may be made 
with nearly as great accuracy by means of the odometer 
(Art. 98) as by stadia or chain. Where the roads are crooked 
or it is necessary to run traverses off them and across 
country, stadia measurement (Art. 102) should have the 
preference, providing the timber is not so dense as to preclude 
its use. In densely wooded country the chain or tape (Arts 
97 and gg) must be employed to measure distances. When 
it becomes necessary to procure additional elevations in con- 
junction with the traverse, the stadia is most economical, 
since vertical angulation may be carried on at the same 
time. 

Where traverses are run in connection with small-scale 
geographic rapping (Art. 29), merely to get the directions 
and bends in roads and trails, the crudest methods are per- 
missible, because of the numerous points on these which will 
be sketched-in from the plane-table stations. Under such 
circumstances the prismatic compass (Art. 91) and measure- 
ment of distance by odometer, by pacing, or by counting 
the paces of animals (Art. 95) with notes, kept in a book, 
will furnish sufficiently ample results. Where the command 
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of the terrane from the plane-table stations is incomplete, and 
traverses must be run either to obtain the positions and 
directions of roads or to map adjacent topographic data, 
traverses should be run with light plane-table and sight- 
alidade (Arts. 61 and 62), accompanied by distances measured 
with odometer, stadia, chain, or pacing. Where traversing 
is done not only to get roads and topographic detail, but also 
to furnish secondary and tertiary control, plane-tables of the 
Johnson pattern (Arts. 58 and 59) should be employed, 
with telescopic alidade for vertical angulation, to surround- 
ing hills. Along the line of the traverse the sight-alidade 
(Art. 62) should be used on most of the intermediate 
locations, and distances should be measured as in the 
previous case. 

81. Traversing by Plane-table and Magnetic Needle. 
—In all traverses for small-scale maps, the plane-table can 
be most satisfactorily oriented by means of a compass-needle. 
In work of this character a substantial plane-table is not 
necessary, a light portable one being most satisfactory. This 
may be either of the Johnson form (Art. 58), where a tele- 
scopic alidade is to be used in order that vertical angles and 
stadia measurements may be taken (Arts. 160 and 102); or if 
a sight-alidade will suffice for the work to be performed, 
the traverse-table should be of the simplest form possible 
(Art.-Gr). 

Traverses run with this apparatus in conjunction with 
odometer or stadia measurements (Arts. 98 and 102) will 
usually close in short circuits of ten to thirty miles perimeter, 
with errors so small as to be readily adjusted by connection 
to better traverse or triangulation locations. In conducting 
traverses by this method back-flags are unnecessary, and fore- 
flags are only necessary in large-scale work (Chap. II). 
Work on scales smaller than one mile to the inch and where 
the traversing is on roads requires no fore-flags, as the direc- 
tion of the road itself affords sufficient guide to the direction of 
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the sight taken. Where traversing is across country and 
without guide of road or stream line, some signal, as a rod or 
man, is necessary to serve as a foresight and mark the fore- 
station.. In traversing in this way it is unnecessary to set up 
the instrument at every station, for, as the orienting is done 
by the needle, it can be done with greater satisfaction by 
the occupation of every alternate station only, whereas the 
speed of thus setting up only at alternate stations is greatly 
increased. . 

Set up the plane-table at the first station, A, and orzent 
(Art. 72) by swinging the board into such position that the 
needle will point to the north and south marks. The 
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foresight is taken by placing the near end of the alidade 
against the known point, a, and sighting in the direction of 
the road or to a fore-flag, B (Fig. 64), a short pencil-line 
being drawn along the edge of the ruler. Moving forward 
now to the foresight point B, the traverseman notes the dis- ‘ 
tance and continues on to the next bend in the road or 
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traverse line, where he sets up his instrument at C, again 
orients by the compass-needle, and at once plats on the first 
foresight the distance to the first fore-station 6. Now plac- 
ing the far end of the alidade against the second location 3, 
and revolving the alidade about it, he backsights on the 
station B, and draws a line towards his present station, from 
which he measures off the distance from the second to the 
third or present station, the position of which is then deter- 
mined and platted atc. The result is to give him on his 
board two lines and three points in the traverse. He then 
proceeds as before, by observing a foresight on the next for- 
ward station, Y, and moving on beyond it to the next sta- 
tion, &. 

82. Control by Large-scale Magnetic Traverse with 
Plane-table.—When it is necessary to’ secure secondary 
control quickly and for but limited areas, this may be graphi- 
cally done on the plane-table more conveniently than by 
using a transit and computing latitudes and departures (Art. 
g0). The process is by traversing with compass-needle for 
scales less than I : 10,000, as above described, but the scale 
of platting must be zucreased to two or three times that 
chosen for the field map. This is in order to eliminate the 
errors in measurement of distances, and also those due to the 
graphic platting of the azimuths. Such errors as occur in 
running the traverse will be largely eliminated by its reduc- 
tion to the smaller scale on which the remaining field-work 
is to be done. As described in Art. 69, the location of the 
initial point may be platted on the plane-table sheet, or, if 
not known, may be assumed, in which case the work will be 
started in such position on the board as will permit of the 
greater extent of the traverse coming within its area, 

In this way a number of traverse lines on the larger scale 
are run back and forth across the board from one known point 
to a terminus at another known point, perhaps thirty or fifty 
miles distant. The work must be performed on a large 
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plane-table board with a telescopic alidade (Arts. 57 and 59). 
Distances must be measured with a stadia or chain (Arts. 102 
and gg), and the former or a flag must be sighted to give 
directions more accurately. A long azimuth line parallel to 
the compass-needle is drawn the full length of the sheet. 
The compass should be a déclinatoire of about 5 degrees 
range, the.needle being not less than 6 inches in length, and 
this should be set in a brass box let into the board and 
parallel to one of its sides (Art. 61). 

On completion of the traverse, a projection is made (Art. 
184) on the same scale, and on it are platted the initial and 
closing known points (Art. 188), The ¢raverse is then 
transferred to this projection by means of the long orienting 
lines, and if run with care will close between the two known 
points within a reasonably small limit of error, perhaps a 
tenth of an inch, Controlling points on this traverse, as road- 
crossings, buildings, etc., are then transferred by propor- 
tional dividers or by measurement of their positions with 
relation to projection lines to another projection which is 
platted on the scale of the topographic field-work, probably 
two or three times smaller than that of the traverse. This 
reduction will diminish the closure error to such an extent 
that on the topographic field’scale it may be a twentieth of 
an inch or less. This will probably be sufficiently close to 
serve all the purposes of secondary control on which to tie 
additional traverses. These may now be run with less ac- 
curacy (Art. 81), as they are only to obtain details of topog- 
raphy (Arts. 12 and 16). 

83. Traversing by Plane-table with Deflection Angles. 
—Where plane-table work is being executed on a scale larger 
than 1000 feet to 1 inch, directions should be by deflections 
from back-flags. Where, however, traversing is platted to 
smaller scales than, say, I : 10,000, they can be executed 
with greater precision by means of a plane-table oriented by 
magnetic needle. 
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In traversing with plane-table and deflection angles on a 
large scale, the plane-tabler will set up at the first traverse 
station. If this is located on his map by intersection from 
triangulation, or is a point on a line the azimuth of which is 
known, he is at once prepared to proceed with his traverse. 
The position of his station may not be known on paper, in 
which case it may be obtained by resection from three visible 
platted points (Art. 74), or he may have no way of fixing the 
position on the plane-table. Making a fine mark on the 
paper by means of a sharp-pointed needle, and accepting this 
as the position of his station, he proceeds with the traverse in 
the anticipation that the latter may ultimately connect with 
some known point, thus furnishing data from which to make 
adjustment. 

Setting up the plane-table at the first station, A (Vig. 64), 
and accepting its known or assumed location, a, on the board, 
the traverseman proceeds by orienting (Art. 72) on some 
known point or azimuth line, Z, if he has such, or by placing 
his plane-table as nearly as possible in magnetic meridian by 
needle or by eye estimate. He then rotates the near end of 
his alidade about the occupied point a, and sights over its far 
end at a stadia-rod or other flag, 4, for the first foresight. 
Moving ahead now to the new position, he leaves either a’ 
rodman ora stake or sapling with a piece of cloth or paper 
on it as a back-flag at 4d. Setting up now at this first fore- 
sight station, B, and carefully plumbing over it, he orients by 
placing the alidade on the line just drawn and sights back 
with the alidade to the rear flag A by revolving the table, the 
undetermined end of the line on the plane-table sheet being 
towards him. Knowing the distance from the first station to 
the point B now occupied, either by stadia chain (Arts. 102 
and gg), or other measure, he plots this to scale on the line 
first sighted, and the resulting point is the new position, 4, on 
the plane-table. The traverseman, now having his present 
station located and the table oriented in relation to the first 
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foresight, revolves the alidade about the present point, 4, 
sights the next fore-flag, C, and draws a line along the edge 
of the ruler. He now moves to the next station, C, and pro- 
ceeds as before. 

84. Intersection from Traverse.—In running traverses 
to obtain minor control and to furnish details of topography, 
it is necessary that the traverseman locate by intersection as 
many of the near-by features as practicable, that these may 
act as guides for the control of the sketching and aid in the 
determination of additional elevations. These intersections 
are also essential as aids in the adjustment of traverses 
(Art. 12), for some of the neighboring summits and prominent 
objects located from the traverse wil! also be located by the 
plane-table triangulation (Art. 73), and they thus furnish a 
means of adjusting the traverse to the triangulation. 

The mode of obtaining these intersections is as follows: 
The traverseman having set up and oriented his plane-table 
(Art. 81), either by backsight or by compass-needle, accord- 
ing to the mode of traversing, and having completed the 
observing and platting of the necessary fore and back 
sights for the continuation of his traverse, he places the 
needle at the occupied station, a (Fig. 64), and swinging the 
alidade about this, sights consecutively to such prominent 
objects, v, w, x, and y, as may be in view and may possibly 
be seen from some of the succeeding traverse stations. To 
each of these he rules a short, light line. Moving on now to 
the succeeding stations, B, C, and D, as any of the points 
previously sighted or additional useful points come into view, 
as at D, radial lines are drawn to them from d, and the inter- 
sections of these with the lines from a@ gives the positions 
of the points v, w, ete. -The location of some of these 
points having been fixed by one or more intersections from 
the traverse, their elevations may be determined by the 
vertical angle read to them with the telescopic alidade or 
the vertical-angle sight-alidade (Arts. 59 and 62); the angle 
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read with the distance which can be measured from the plane- 
table furnishing data from which to compute, or obtain from 
tables, differences of elevation (Art. 163). 

85. Engineers’ Transit.—This is the instrument com- 
monly employed by surveyors for the angular measurement 
of directions. It consists of a telescope supported in axes, 
called wyes, in which it can revolve in a vertical plane while 
the whole revolves in a horizontal plane, the amount of both 
movements being measured on graduated circles read with 
verniers. There are suitable attachments for clamping the 
telescope and the horizontal circle, and for moving them 
slowly by means of an apparatus called a tangent screw. 
Finally the whole may be revolved about a second horizontal 
axis (Fig. 65). The transit is an instrument but little used 
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by topographic surveyors, and is so commonly employed in 
ordinary surveying and described in text-books and catalogues 
that its description will not be elaborated here. There are 
various forms, sizes, and patterns of transits, differing with the 
ideas of the makers and the work for which they are intended, 
and the catalogues furnished by the makers thoroughly 
describe the modes of adjusting and using these instruments. 
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The chief points to be remembered in selecting a transit 
are the work for which it is to be used. If the best work is 
not to be executed, and portability is an object, a light 
mountain transit with circles reading to but one minute will 
be sufficiently accurate. If the highest grade of work is to 
be performed, large, heavy instruments having circles read- 
ing to twenty or thirty seconds, shifting centers and large 
bubbles, should be employed. If the instrument is to be 
used for trigonometric work, the most important points, aside 
from the graduation of the horizontal limb or circle, are the 
size of the objective of the telescope and its magnifying 
power. That sights may be observed in hazy weather, the 
objective should admit the greatest possible amount of light, 
and it should therefore have but two glasses and be inverting. 

86. Adjustments of the Transit.—The transit is em- 
ployed primarily for measuring horizontal angles between 
two objects which may not be at the same elevation. There- 
fore, after pointing at one of these, the telescope has to be 
moved through a vertical arc to bring the line'of sight from 
the first point to the second. Any error in the instrument 
which throws the line of sight or line of collimation of the 
telescope out ofsplumb in performing this operation will 
affect the horizontal angle read. It is therefore evident that 
this adjustment, known as the collimation adjustment, which 
makes the telescope revolve in a true vertical plane, is one of 
the most important. Likewise the vertical axis of the transit 
must be truly vertical in order that when the instrument is 
turned in azimuth the line of sight projected into the horizon- 
tal plane may move horizontally. 

The various adjustments of the transit consist each of 
two operations: (1) the test to determine the error, and 
(2) the correction of the error found. If the transit were in 
perfect adjustment— 

1. The object-glass and eyeglasses would be perpendic- 
ular to the optical axis of the telescope at all distances; 
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2. The line of collimation would coincide with the optical 
axis, and 

3. It would be parallel with the telescope-level, and 

4. It would pass through and be perpendicular to the 
horizontal axis of revolution. 

These salient facts should be ascertained to assure the 
perfect adjustment of the transit. 

The first adjustment is that of the level-bubbles. After 
setting up the instrument make the two small levels each 
parallel to a line joining two opposite leveling-screws; then, 
by turning the leveling-screws so that both thumbs move 
inwards or outwards, bring the bubbles to the center of the 
tubes. 

Turn the instrument 180 degrees in azimuth, and if the 
bubbles still remain centered, the levels are in adjustment. 
If they do not remain in the centers of their tubes, bring 
them back half-way by means of the leveling-screws, and the 
remaining half-way by means of the adjusting-screws at the 
end of each leveling-tube. Repeat the operation several 
times, until the bubbles remain in the centers of their tubes 
when the instrument is revolved. 

To make the vertical cross-hair perpendicular to the plane 
of the horizontal axis, focus the cross-hairs by the apparatus 
at the eye of the telescope; then adjust the objective upon 
some well-defined object at a distance of a few hundred feet. 
Move the horizontal limb so as to bring the vertical wire 
against the edge of a building or of a plumb-line or other 
vertical object. Clamp the instrument and note if the 
vertical wire is everywhere parallel to the vertical line. If 
not, loosen the cross-wire capstan-screws and, by lightly 
tapping their heads, move the cross-wire ring-around until the 
error is corrected. 

To adjust the line of collimation, which brings the inter- 
section of the wires into the optical axis of the telescope, 
point the instrument at some well-defined object at a distance 
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of several hundred feet and, having made the previous adjust- 
ments, clamp the lower horizontal motion and revolve the 
telescope completely over, so as to point in the other direc- 
tion. Place there some well-defined object, as a tack in the 
end of a stake, and at practically the same distance from the 
instrument as the first object selected. Unclamp the upper 
plate and turn the instrument half-way round or through 
180 degrees, as indicated by the vernier, and direct the tele- 
scope to the first object sighted, 5 (Fig. 66). Again bisect 
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this with the wires, clamp the instrument, and revolve the 
telescope over and observe if the vertical wire bisects the 
second object, C, when the telescope is now pointed at it 
from the reverse position. If it does, the line of collimation 
is in adjustment. If not, the second point observed, as &, 
will be double the deviation of that point from the true 
straight line, as the error is the result of two observations 
made when the wires were not in the optical axis of the tele- 
scope. In the last pointing of the instrument, after the 
telescope was directed the second time to #, the point 
bisected at / was situated as far to one side of the true 
straight line, BAC, as was the point first sighted, D, on the 
other side. To correct the error, use the capstan-head screws 
on the side of the telescope and move the vertical wire to one 
side or the other by one-fourth the distance, keeping in mind 
the fact that the eyepiece inverts the position of the wires, and 
that in moving these screws the observer must operate them as 
if to increase the error noted. Unclamping the instrument and 
swinging it around so as once more to bisect 2, again revolve 
the telescope, and if the adjustment has been correctly made 
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the wires will now bisect the central point, C. Test the 
adjustment by revolving the instrument half-way round again, 
fixing the telescope on £, clamping the spindle, and once 
more revolving the telescope on C, and repeat the observa- 
tions and adjustment of the wires until the correction of the 
collimation is completed. 

The adjustment of the standards is the next and last im- 
portant adjustment of the transit, and this is made in order 
that the point of intersection of the wires shall trace a vertical 
line as the telescope is moved upand down, This result is only 
obtained when the two standards which support the axis of the 
telescope are at the same height. Point the telescope to some 
object which will give a long vertical range, as at a star and 
its reflection in a bath of mercury, or the top of a tall church 
spire and the center of its base, ora long plumb-line. Fix 
the wires on the top of the object and clamp the spindle, 
then bring the telescope down until the wires bisect some 
good, well-defined point at the base. Turn the instrument 
half-way round or through 180 degrees, revolve the telescope, 
and focus the wires in the lower point. Clamp the spindle 
and raise the telescope again to the highest point. If the 
cross-hairs again bisect it, the adjustment is perfect; if they 
pass to one side, the standard opposite to that side is 
highest, the apparent error being double. This is corrected 
by turning a screw underneath one of the axes which is made 
movable, the correction being made for half of the amount 
of the apparent error. 

87. Traversing with Transit.—A traverse line executed 
with the transit differs from one executed with the plane- 
table or the theodolite because of the ability to ¢vansit the 
telescope or revolve it through 180 degrees vertically. As a 
result of this construction of the instrument the angle 
between backsight and foresight which is read and recorded 
is not the full horizontal angle observed by swinging the 
instrument in azimuth, but it is the deflection of the new 
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direction, or of the foresight, to the right or left of the back- 
sight prolonged. 

Having set up the instrument at A (Fig. 67), direct the 
telescope at the first point in the traverse 4, with the grad- 
uated circle set at zero and by using the lower motion. 


B , 
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Record the angle zero and the distance 44 measured by 
chain, stadia, or other method. Move to 4, and setting up 
and plumbing the instrument at that point, backsight on the 
point A, using the lower motion and with the circle still at 
zero. Clamp the lower motion and transit the telescope. 
The instrument will now point in the direction of dA’, which 
is the prolongation of AZ if the collimation be in perfect 
adjustment. Loosen the upper clamp and point at the new 
foresight C, and then reclamp the vernier. The angle a 
is the deflection from the straight line 4A’ to the right 
towards C. In like manner the instrument is moved to C, and 
the line BC prolonged to J” by transiting the telescope, and 
the angle #, from B’ to D, is recorded as a left deflection. 


EXAMPLE, OF TRANSIT NO DES: 


True 
Sta. Distance. | Deflections. Bearing. Mag. Bearing. | Remarks, 
(Azimuth ) | 
| 
Feet. 
‘ ° ° ° . 
78 + 80 765 — 18° 42’ | 187° oo! 4° 30’ E. | Road crossing. 


' House. 


N 
7I + 15 1180 4- 27° 06) | “2057 isi! || SNei22-s00 8, y 
50135 435 + 6° 27’| 178° 45’ | N. 5° oo’ W. | Stream to right. 
55 172 e18 EN. cro 30) WietLouse, 


| | 


The notes of sucha transit traverse are kept in the follow- 
ing manner: In the first or ‘‘ Station’’ column is recorded 
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the total distance in hundredths plus single feet from the 
initial point. In the second or ‘‘ Distance’’ column is 
recorded the distance between two stations 4 and B. In the 
third column is recorded the deflection angle with plus or 
minus signs, according as the deflection is to right or left. 
In running a simple traverse nothing further is requisite than 
the above. If, however, as is likely to be the case in topo- 
graphic surveying, it is desired to know also the bearing of 
the line, the true azimuth of some sight, preferably the first 
line, should be determined by observation on Polaris (Art. 
312), and the magnetic declination (Art. 92) should be noted, 
as well as the true or transit declination, by reading the angle 
between the azimuth line and the first line of the traverse. 
This angle should be recorded in the fourth column, ‘‘ True 
Bearing.’’ Then, as the traverse is run, the deflection right 
or left should be added to or subtracted from the last true 
bearing and thus give the new true bearing. For a check 
the compass-needle should alsn be read and recorded in the 
column ‘‘ Magnetic Bearing,’’ and the true bearing should 
agree with this approximately by the difference of the 
declination observed. There should be a last column in 
which to record remarks of streams passed, road junctions, 
eles 

On the opposite page of the note-book, facing the notes, 
there should be ruled a vertical line through the center of the 
page, and the customary process of recording the objects 
encountered on the traverse line is to use this vertical line as 
the line of the traverse. Beginning at the bottom of the page, 
plat the first station, 4; then, at the proper distance above 
A, plat, still on the center of the line and disregarding the 
deflections, the second station, &. Crossing this line of the 
traverse, note the topographic features, as streams, roads, 
houses, etc. Where topographic notes are taken in detail 
it is practically impossible to keep a proper record of the 
traverse by considering it as a straight line; in which case, 
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instead of using a central line as the traverse line, an irregular 
line should be drawn up the page, each tangent or deflection 
line of the traverse making an angle with 
the last, which shall agree as nearly as 
possible, by eye estimation or by platting 
with horn protractor, with the angle 
made on the ground. By this means 
the topography of the country will not 
be distorted in recording it on the sketch 
page (Fig. 68). 

88. Platting Transit Notes with 
Protractor and Scale.—Transit notes 
may be platted in two ways: 

1. By means of a protractor and 
scale, and 

2. By latitudes and departures (Art. 
go). 
eregstrels Pray for In platting with a protractor (Art. 

Transit Roav Tra- 8g) and scale, set the center of the pro- 


VERSE, tractor over the occupied station: as 
platted on the map, set the zero on the prolongation of the 
last sight, and plat off the deflection to right or left by the 
proper number of degrees. Then, removing the protractor, 
plat on this new deflection line the proper distance to scale. 
This deflection line should be drawn sufficiently long, so that 
when the protractor is centered over the second station this 
old deflection line will appear on the map as the zero-point 
on which to set the protractor for the next following deflection. 

89. Protractors.—In the platting of traverses run with a 
prismatic compass, the simplest form of a semicircular horn 
protractor will fill the requirements; also in platting recon- 
naissance triangulation in order to determine the relative 
positions of stations. Where any attempt is made at accu- 
rate platting, as of traverse run with transit, a full-circle 
vernier arm protractor should be used (Fig. 69). Where 


PROTRACTORS. ANI 


angle-reading instruments are used in topographic surveying, 
it is expected that the work done will be of such high quality 
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as to call for computation either of latitudes and departures, 
in the case of traverse, or of geodetic coordinates, in primary 
triangulation (Chaps. XXIV and XXIX). ' 

Occasionally the topographer, especially if engaged in 
hydrographic surveying, will need to locate his position by 
the three-point problem (Art. 74), that is, by angles read 
from an unknown to three known positions. The location of 


Fic. 70.—THREE-ARM PROTRACTOR. 


his unknown and occupied point may be computed (Art. 
263), or it may be platted graphically by means of an instru- 
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ment known as the three-armed protractor, which is very 
useful and does excellent work of this kind. (Fig. 70.) 

90. Platting Transit Notes by Latitudes and Depart- 
ures.—This is the most accurate method of platting transit 
notes, and is identical with that employed in platting traverse 
run with theodolite for primary control (Chap. XXIV). The 


, 


more common expression ‘‘departures” refers to easting 
and westing, known in astronomical phraseology as ‘‘ longi- 
tude... The computing and platting are not done with the 
same care and accuracy as for primary traverse. The con- 
vergence of the meridians is rarely recorded, nor are the errors 
of measurement of deflection angles corrected by astronomical 
azimuths or by checks on known geodetic positions. 

The process consists in platting by rectangular coordinates 
to reference lines which are drawn at right angles and cor- 
respond approximately to latitude and longitude lines. The 
horizontal line is assumed as the initial latitude, and is the 
zero from which differences of latitude are measured up and 
down. In other words, it is the line of abscisse, and along it 
are measured off the differences of longitude or departure 
from the vertical: line, which is zero of longitudes. All north- 
ings on the traverse line are measured upwards and all south- 
ings downwards, and they are denoted by the signs + and —. 
Eastings and westings, respectively, are measured to the right 
or left of the vertical line or initial longitude line, and are 
denoted also by signs + and —. 

The zero of azimuth is, as in geodetic computation 
(Art. 285), supposed to be at the south, while the north 
is 180°. The azimuth is measured in the same direction 
as the motion of the hands of a watch, 90° being to the 
west and 270° to the east. A simple manner of keeping 
signs in mind during computation is from inspection of a 
diagram similar to Fig. 71. 

The total latitudes and departures are computed only for 
important points, as crossings of roads, streams, etc. The 
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intermediate bends in the road traverse may be platted by 
protractor. The total latitudes and departures are deter- 
mined for each governing point by summation of the partial 
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Fic. 71.—SIGNs oF LATITUDES AND DEPARTURES. 
latitudes and departures to that point. They are derived by 
two methods. (1) By adding to the logarithms of the distances 
(Table V) the logarithms of the sines of the azimuths (Table 
VI). The total departures are obtained by adding to the 
logarithms of the same distances the logarithms of the cosines of 
the corresponding azimuths. The second method of comput- 
ing latitudes and departures is by means of a table of natural 
functions (Tables XI and XII). 
COMPUTATION OF LATITUDES AND DEPARTURES. 


4 
To Station To Station To Station 
59 +. 7t+. eis 
Log. sin. (Dep.))::. 9-5590 9.6394 g.0950 
CNIS OS — ayia 6 2.6385 3.0719 2.8837 
Se LCT) fete aueie hex 2.1975 2s 1.9787 
Departure (feet)..| 157.5 514-3 9 52 
: ie: per 
Log. cosin (Lat.). 9-9694 9.9543 9.9966 
SECIS Carters ste. 2.6385 2.0719 2.8837 
abe CE Dige oleae 2 2.6079 2.0262 2.8803 
Departure (feet)..| 405.4 106.3 759.2 
L Bad 
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The details of the computation are given zz extenso in 
Chapter XXIV, for primary traverse. The foregoing ex- 
ample is given here, however, as an illustration of the simpler 
mode of computing latitudes and departures from transit 
notes, and is taken from the example of such notes given in 
PTTiCless,/< 

The table of four-place logarithms of numbers on pages 
215 and 216 is derived from Prof. J. B. Johnson’s ‘‘ Theory 
and Practice of Surveying’; that of similar trigonometric 
functions on pages 217 to 221 is from Gauss’ well-known tables. 
By their use a traverse run with engineer’s transit can be 
computed by latitudes and departures with sufficient accuracy. 

gI. Prismatic Compass.—This is a useful instrument for 
determining directions on reconnaissance traverses of roads, 
streams, etc. It is unnecessary to mount it ona Jacob’s- 
staff or tripod, as it is easily read while held in the hand. It 
has a full circle of 360 degrees (Fig. 72) and folded sights. 


Fic. 72.—PRISMATIC COMPASS. 


The foresight has a cross-hair, and the rear- or eye-sight is so 
provided with a prism that while the instrument is pointed 
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TABLE. VI. 
LOGARITHMS OF TRIGONOMETRIC FUNCTIONS. 
mews 
BeSit. d. |L.Tang| d.c. |L.Cotg. L. Cos. f Se 6° 52 
Oo — | — 

— 0.0000 | 0 9O ° — = imetons 
mS a ort 7.46037 3011 2.5363 | 0.0000 |so to | 6.4637 | 6.4637 +4 1 | 
net 77 - 1760 7 +7648 1761 | 2+2352 | 0.0000 |4o 20 | 6.4637 | 6.4637 | 38 8 
30! 7.940 1250 | 7:94°9 | ro49 | 2-059 | 9.0000 |30 30 | 6.4637 | 6.46 iy 
6 ee bevaou) S852 | peg f= Ea42, | e-des jaa 40 | 6.4637 | 6 4637 peas 

Pl E3027) yee 8.1627 908 1.8373 | 0.0c00 |10 50 | 6.4637 | 6 4638 rr ee 
° ces [66 oe ie 1.7581 | 9.0099 | 089 60 | 6.4637 | 6.4638 : t ae 
Io} 8.30 308 nee 
3 580 3089 | 580 | 1-691 | 9.9999 |50 70 | 6.4637 ; 6.4638 | st 
Ee — Sir oe 512 1.6331 | 9.9999 |40 80 | 6.4637 6.4638 S al : 
aeor goatee seen 1.5819 | 9.9909 130 go | 6.4637 | 6.4638 [24° 
. 8.4637 | 4r3 ai 38 41s | 5362 | 9.9998 |20 100 | 6.4637 | 6.4638 | 00 be o0 
a = 52] jog [-2:5°S3.| jog | 24947 | 9 9908 |to 110 | 6.4637 | 6.4639 |S == 
- oe sae : 5431 a | 1.4560 | 9.9007 | o88] 120 | 6.4636 | 6.4630 
5776 | 5779 | t.422t 5 
Ay a 9.9997 5° 130 | 6.4636 | 6.46 85° 2 
= pee e! | 306 alas ie 1.3899 | 9.9996 |40 140 624656 6 a hae 
2 ee | B80 be 281 | 1+3599 | 9-9996 30 150 | 6.4636 | 6.4640 [MEME 
a heens 263 av 263 | 1.3318 9.9995 |20 160 | 6.4636 | 6.4640 |++ | | 
3 Sane — 248 aaa 249 | 2 Bee Og ee a 
° Heriie ne 8.7194 oy 1.2806 | o.9004 | O87 fF 180 | 6.4635 | 6.4641 SS han 
10) 8.7423 | 953 | 8-7429 Bes |) 22572 4929995 450 190 | 6.4635 | 6.4642 11 a6 
20] 8.7645 | 8.7652 1.2348 3 5 Cane 
212 5 212 34 9-9993 |40 200 | 6.4635 | 6.4642 |9 9 
30 peyee7 | 202 8.7865 Beni ta2X35) Onoues 130 210 | 6.4635 | 6 hon S225 
Le ace |e t0? 8.8067 | 9, | 2-1933 | 9-9991 |20 220" 6.4634 \k6.4643 1) 1205 i 
5 23 185 8.8261 eo |_1.1739 | 9.9990 |10 230 | 6.4634 | 6.4644 2c il ll 
ik Ae ya 23554 0.008 086] 240 | 6.4634 | 6.4644 Mite 
Be ee age (PSF Acape | maze 90088 [se 250 | 6.4633 | 6.4645 |e ,, | 
sl ae 3 163 > 795 165 | t:1205 9 9988 |40 260 | 6.4633 | 6 4646 0 fe, 
3 +8046 | 168 8960 158 | 1-104 | 9.9987 |30 270 | 6.4633 | 6.4646 83D 
4°) oie: 152 ees 154 1.0882 | 9.9986 |20 280 | 6.4632 | 6.4647 | bode be 
5 29256 | Ds +9272 ; 1.0728 | 9.9985 |10 290 | 6.4632. | 6 4648 |S LS 
5 o| 8.9403 8.9420 a 1.0580 | 9.9983 | 085 P.P 
| 5 ce) 8.9545 | re 8.9563 133 1.0437 | 9.9982 |50 oka 
ze ae | 134 a 135 | 1:0299 9.9981 |40 142, 1387 | 154 | 129 
3 ae 6 | 129 -983 130 t.0164 | 9.9980 |30 UV Saba odelagdll teaver lly" pe ie(o} 
40) 8.9045 | 08 8.9966 127 | 110034 | 9+9979 |20 2| 28.4) 27.4| 26.8] 25.8 
sol goe7e LS 0093 toe [229997 9-9977 |10 3\ 42.6) 40.1| 40.2] 38.7 
6 0} g-o0102 | 9.0216 ” | 0.9784 | 9.9976 | 084 4|| 50-8) (54:8) 53-0}) sr 26 
i0| g.o3Tt | oe 9.0336 aay 0.966 55 ae i ae 
c 115 33 117 +9004 | 9-9975 |59 6| 85.2| 82.2| 89. 
20! a.0426 9.0453 5 | : Saas 
Ee oe 113 ie 1I4 O39547 | 9-9073 (40 7| 99-4| 95-9| 93-8] 90.3 
BO Pe=Co5 10g | 9°°5°7 rm | 0:9433 | 9-9972 |30 8|113.6]109.6]107.2]1 
40] 9.0648 | 359 | 9.0678 | zag | 09-9322 | 9.9971 |20 Dolsiies ateoteleee 
50|_9-07=5 : raul 9.0786 epee 9214 | 9.99°9 |10 wae Pe hatte 
7 0] 9.0850 ae 9.0891 ae 2.9109 | 9.9968 | 0 83 125 |.122 | 119) 115 
10] 9 a | 99 9.0905 ror | 29-9905 9.9966 50 ee : ges ae II.5 
20} 9.1060 | 97 | 9 1096 98 | ° 8904 | 9.9964 }40 5, 5: meas esa llasta 
30] 9-1157 | ge | 9-1194 97 | ° 8806 | 9.9963 |30 3| 37-5] 36-6] 35-7) 34-5 
40| 9.1252 93 Q.1291 94 0.8709 | 9.9961 |20 Al 10:0) 48581475) ABO 
50|_9-1345 | ae 9.1385 0.8615 | 9.9959 |10 A epee ebeasch Sichers ais 
3 ae 3 SS 75.0| 73-2] 71.4] 69.0 
Bip serena’ Is Bo 9-1478 ai 0.8522 | 9.9958 | 082 7| 87.5| 85.4; 83.3] 80.5 
to] 9-1525 | gq | 9-1569 89 | 0-8431 | 9-9956 |s50 8} 100.0) 97-6 95.2] 92.0 
20 9.1612 85 g+1658 87 | 08342 | 9-9954 |40 gy)r12.5) 109.8 107-1} 103.5 
30| 9.1697 34 | 9:2745 36 | 0 8255 |. 9-9952 |30 a 
40| 9.1781 ga | 9-183r 84 0.8169 | 9.9950 |20 118 |109|107)/104/102 
50] 9.1863 | Ne Q.1915 an 0.8085 | 9.9048 |10 I} I1.3/10.9]10.7/10.4/10.2 
| 9 oc] 9.1043 a eee gx | 278902 _| 0.9948 o81 a Sues) elo sce 
ae 33.9/32-7132-1/31.2130. 
= Rica 78 | 9-2078 Bo | 0-7922 | 9-9944 |50 4| 45.2143.6l42-8|41 él4o.8 
20| 9.2100 76 9.2158 78 0.7842 | 9.9942 |40 5] 56.51/54.5153.5|52-0151-0 
30] 9.2176 ae 9.2236 a 6.7764 | 9.9940 |30 6| 67.865. 4/64.2/62.4\61.2 
49 Gaza 73 | 92333 79 0.7687 | 9.9938 |20 7| 79.1|70.3174.9|72-8| 71-4 
50| 9.2324 a 9.2380 peal 0.761t | 9.9936 | 10 8} 90.4|87.2/85.6/83.2/81.6 
10 o| 9.2397 9+2463 9-7537 | 9-9934 | 080 QII0l.7 98.1196.3 93-6|97.8 
WGosie de Gots, dic, il. Taine! Sin.) 7° P. P. 
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oP lee Sina) ds Wkekangiids-é. \L.Gotgs! os.) d- es 
. L.Tang LC e P,P. 

OVO 2207) ry | SeeeC3| @ Seman) 90834 | 080 99 87 | 84 
1o| 9.2468 70 9.2530 71 0.7464 | 9.993 5° 1] 9.9] 4.5] 8.7 4 
20} 9.2538 | 6g | 9-2609 | 75 | 9-739t | 9.9929 |40 2|19.8|19.0| \17.4/16.8 
30| 9.2606 68 | 9+2680 69 | 09-7320 | 9-9927 30 3/29. 7|28-5 26.1/25.2 
40, 9-2074 || 66 992752] | O-7250 | 9-9924 22) 4|39-6/38.0/36.4134.8)33.6 
50| 9.2740 9.2819 0.7181 | 9.9922 10 3 E Soe 

66 66 5}49°5\47-5/4 435°5 He 

11 0 9.2806 64 g-2887 | ¢ 0.7113 | 0.9919 o TDF 6/59-4/57-0)54-0)52.2/5>-4 
10) 9.2870 | 64 | 9-2953 aw) ‘| 0.7047 | 9.9917 50 gic Sai pra e be aa : 
20) 9-2034 | 63 | 9-3020| 64 | 0.6980 | 9.9914 40 ox ie se ea ae Gl 
30| 9.2907 | 6 | 9-3085 | 63 | 0.6915 | 99912 30 Died Aap Ieee 
40| 9-3058 | 6r | 9-3149 | ¢ 0.6851 | 9.9909 ee) ct a, : 
50] 9-3119 | | |_9-3212 3 | 0.6788 | 9.9907 10 80 | 78 | 75}{ 71] 68 

12 0} 9.3179 9-3278 | St | 0.6725 | 9.9404 td fe Wee be perce eke 

| 59 61 : 2|16.0/15.6)15.0/14.2|13.6 
10, 9.3238 58 93336 61 0.6564 | 9.9gor |50 3]24.0|23.4|22.5|21.3/20.4 
20) 9.3296 57 9-3397 59 0.6603 | 9.9899 a 4/32-0]31.2/30 o 28.4 2 
30| 9-3353 | 57 | 9-3458| gq. | 0-6542 | 9.9896 30 5|40-0139-0137-5|35 5134.0 
40) 9-3410 | 56 | 9 3517 g | 26483 | 9-9893 20 6|/48.0/46.8|45.0/42.6| 40.8 
50] 9.3466 - 9.3576,| 9 0.6424 | 9.9890 ite) 7|56.0154.6|52.5|49.7/47-6 

13 o] 9.3521 SA Q- 3634 ee 0.6366 | 9.0887 0774 8164.0)62.4|60.0) 56 8154-4 
to] 9.3575 | 24 | 9-3091 | 56 | 0-6309 | 9.y884 50 O87 ONTO PAG RSS 13 SUB 
20] 9.3629 53 9.3748 55 0.6252 g.g881 40 : 

30] 9.3682 52 | 9-3804 55 | 0-6196 | 9.9878 30 63 | 59 | 56 | 53 
40] 9-3734 | 52 | 9-3859 0.6141 | 9.9875 20 1} 6.3) 5.9] 5.6) 5-3) 4.9 
50} 9.3786 ee Q-3914 54 0.6086 | 9.9872 to 2|12.6/11.8 IT .2)10.6 8 

14 0} 9.3837 ft 9.3968 53 0.6032 | 9.9869 o 164 -3|18-9/17-7|16.8)15.9 rf 
10] 9-3887 | So | 9.4021 ae 0.5979 | 9.9866 50 i ere ad aatatee € 
20] 9.3937 | 49 | 9:4074 | 51 | 0.5926 | 9.9863 40 Be alee: Hoctalacetlee 
30) 9.3486 | 49 | 9-4127 | 52 | 0-5873 | 9.9859 3° 7 aie oo eee lacs 
40 9.4035 48 | 9-4178 0.5822 | 9.9856 20 8 a, ce i ay 3 
0} 9.40 4230 : -9853 : ; ‘ : ; 
50] 9.4083 “4 9.423 5r | °+5779 | 9-9853 10 o156.7/53-1150.4147-7/44.1 

15 0] 9.4130 9.4281 50 0.5719 | 9.9849 075 

f se Ag |e me oo: Ameer all be 3 
10] 9.4177 | 46 | 9+4331 | 49 | 05669 | 9.9846 50 50/49) 48 | 47 
20} 9.4223 | 46 | 9-438t | 49 | 0-5619 | 9.9843 | 3 [40 st eeoltoi sesh ate 
30] 9.4269 | 45 | 9-4430 | 48 | 9.5570 | 9.9839 3 [3° 2]10.0] 9.8] 9.6| 9.4 
40] 9-4314 | 4s | 9+4479 g | 07552" 19.9836 |" 71/20 3)15.0/14.7|14.4/14.1 
50} _9-4359 |" |, |_9-4527 4 02-5473 | 9.9832 10 4|20.0/19.6|19.2/18.8 

16 0} 9.4403 ‘9 9.4575 ot 0.5425 | 9.9828 41 oO W4 §]25.0|24.5|24.0]23.5 
x0| 9.4447 | 44 | 9-4622 | 47 | 0.5378 | 9.9828 | 3 |50 @ [30 0[20 <4peeae 26:2 
20] 9.4491 | 42 | 9-4669 | 46 | 0.533t | 9.9821 | * |4o 7)38 -0134-3/33-6/32-9 
30] 9-4533 | 43 | 9-4716| 46 | 05284 | 9.9817 | * [30 B/40- 0159-21384 158-0 
40|.9.4570 | 42 | 9.4762 0.5238 | 9.9814 | > |20 Oe aa 
50] 9.4618 * 9.4808 | 45 0.5192 | 9.9810 4 I10 

17% 0} 9.4659 re 9+ 4853 | aE 0.5147 | 9.9806 | +] 073 ee 45} 44) 3 
10] 9.4700 4t 9.4898 44 9.5102 | 9.9802 ; 50 ag a rales 
20/ 9.4741 40 9+4943 44 0.5057 | 9.9798 4° 3]13.8)13.5 a ane 
30] 9.4781 40 9.4987 44 0.5913 | 9-9794 : 3° 4 18.4 ige TeGlee 
e a 40 o:s0e7 % ©-4969 | 9.9790 | 4 |20 5|23.0|22.5|22.0|1.5 
50) 9-4 App || eases = |0:4925 | 99786 10 6|27.6|27.0|26.4\1.8 

18 0} 9.4900 a 9.5118 a 0.4882 | 9.9782 | *| o %2 7|32.2|31.5|30.8\2.1 

3 | 
to] 9.4939 38 g-5161 42 0.4839 | 9.9778 : 50 8}36.8|36.0/35.2/2.4 
20| 9-4977 | 38 | 9-5203 | 42 | 0-4797 | 9.9774 | 4 40 9147 .4149-5139,6]2.7 
30] 9.5015 37. | 9:5245 | 42 | 09-4755 | 9-9770 | = |30 
40| 9.5052 38 | 9.5287 ; 0.4713 | 9.9765 Pi 20 43 | 42) 41) 
50] _9+5090__ 36 9.5329 4 0.4671 | 9.9761 10 1] 4.3] 4 2! 4.1tlo. 

19 0} 9.5126 ay geen a 0.4630 | 9 9757 | * | o 71 2] 8.6] 8.4) 8.2/0.8 
To} 9.5163 | 36 | 9-54tr | 4o | 0-4589 | 9.9752 2 50 i ee eave ed 
20/ 9.5199 | 36 | 9-545 | 4o | 09-4549 | 9.9748 | 5 |40 i ote a Ce Lag 
30] 9.5235 | 35 | 9:549t | 4> | 4509 | 9.9743 | 4 |30 Bieeles sleek 
40| 9-5270 | 36 | 9.5531 | | 5 | 0.4469 | 9-9739.| 3 |20 ale>saly ae eles 
50} 9.5306 | 3. | 9.557 | 4° | 04420 | 9.9734 | > j10 ” bles algarelan: ee 

20 0 9.5341 ‘ 9.5011 0.4389 | 9.9730 | 41070 0138. 7137.8136.¢ Bt6 

L. Cosi) d. |L.Cotea doc iL. Lang Sin: ie Paps 
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° / 
L. Sin.] d 
pes 3 . |L.Tan : 
SOc dt acai g| d.c. |L.Cotg.| L. Cos.| d 
O| 0.5341 ay \ Q.5611 ak 56 pee ae bee PP; 
ro] 9.5375 | ° = 25 245 9+9730 Sra ae a a eee ae 
‘, 9-56 39 070 : 
zo) 9.5409] 34 Sp ae a Rey ee she Hae nenes 
3 : 3 = «4311 A : 369 é 
pea oll lia aden artic 3 | +4273 Eee lke: [ne al Biol 7-8] gu6le-c 
21 Staak ee) Pal eva Reet eee es eT eersled Ga ne 
Egleocssaat = ote ee _2:4196 | 9.9706 5 tro : are 1520/30 4)3-0 
rol 9.5576) 33 | 9-387) 38 faust dtr] Nooo |h cers a3iq|22-8|3.0. 
20| 9.5609 | 2 2 38 | ° 4121 6 5 7|28.0|27.3|26. 3.9 
2 Q=59n7 | = 9-9007 50 -0|/27.3|26.6]3. 
30 9.5641 32 2 0, 4083 6 5 8] 32.0}: 3-5 
= 9.5054 37 3 | 9.9692 40 32-0/31.2/30. 
40) 050731 oc. | O55 5 37 | O-4046 | 9-968 5 936.0 1420 
50} 0-704 | > eT) alc ae 9.9685 shige 30-0135-1134-214.5 
22 o} 0.5736 es seem 36 _©+3972 |_9-9677_ S a 87136 
10] 9.5767 | 3, | 9.6100} 3¢ 0.3936 | 9.9672 | ° | 068 1] 3.7] 3.6 ap 
20| 9-5798 | 3, | 9-6136 36 | 02-3900 | 9.9667 eal pees 2| 7.4| 7.2 zie 
309.5828 3 6 3 26 0.3864! 9.966 6 {5 gir. 7.0 
B =8 Bee oe 2 aad I 40 10.8|10.5 
ake 9.5859 ma Sobee 36 -3828 | 9.9656 5 be 4\14.8|14.4|14.0 
50|_0.5889 | 3° | 9.6243 | 3° 0.3792 | 9.9651 | 3 [20 5|18.5|18.0]17.5 
23 ot o.sq19 | > lw .baag 36 _0:3757_ |_9-9646 _ : 10 6|22.2)21.6)21.0 
| Scar 29 |— ? 0.3721 7|25-9|2 
= 9.5948 30 | 9°634 35 2-3777_ | 9-9640 067 8) 29.6 28 alos 
| 9.5978 65 34 3686 | 9.9635 5 2 
3e| 9.6007 | 29 ee 35 | 073052 er Glee 9133-3132 -413T +5 
40} 9.6036 | 39 | hats weet 0.3617 | 9.9624 | 5 a 
50) 9.6065 | a ae 0.3583 | 9.9618 | © |2 84 | 88) 32) 6 
| 24 28 | ts 0.3548 x 1] 3. 3 
0| 9.6093 leagvtan _0+3548" | 9.9613. 5 |10 2 24 a 3-2|0.6 
10| 9.6121 2 ee _9-3514 | 9.9607 6 o 66 : -6| 6.4) 1.2 
2 28 | 9-6520 | 34 —— 310.2] 9.9] 9.0/1.8 
a0 9.6149 | 28 | 9.6553 33 0.3480 | 9.9602 5 |s50 4|13.6/13.2 aaa : 
30! 9.6177 | 9g | 9-658 Eve et mull 9.9506 6 |40 5|17.0]16 Be ae 
40] 9.6205 | 5 | gb 33 ©3413 | 9.9590 6 30 6|20.4 Sai ete eae 
50| 9.6232 | / | 9-6654 34 or30e2 90-9584 SiS 7|23.8|23.1 rar . 
Say | oO. ‘ “a 
a ee Pa 334° | 9-9579 5 |r0 ba 26.4|25.6|4.8 
it. el Pe 3 33 | 0.3313 | 9.9573 | © Pitas Ae el 
To! 9.6286 | 24 bg.dy7do'} 132 -- (Peer 065 
20| 9.6313 | 97 | 9.6752 | 3? 0.3280 | 9.9567 | § 
30| 9.6340 | Ee er eee 0.3248 | 9.9561 6 |5° 31) 30 rt 
40} 9.6366 | 26 | 9-6817 32 | 073275 | 9.9555 aes 1] 3.1 me 
eae 96392 | 1, |_9-6850 4 gee 9-9549 : a Agel kgs eSSiy a 
ol 9.6418 | — j +3150 | 9.95 °: c O/T .4 
a Pa] SEs 3? “|norg1a8 see e le 3} 9-3} 9-0] 8.7/2.1 
10} 6.6444 6 | 9-692 32 “ 9.9537 0 64 4|12.4/12.0/11.6/2.8 
20| 9.6470 | > 6 4) | 32 | 0-3086' | 9-053 7 5]/15-5|15-0]t 
on Zeal oe 946 a 9+9530 | 6 |50 618.6 4-5/3-5 
30} 9.6495 32 9.697 31 +3954 | 9.9524 -6/18.0/17.4]4.2 
ae 960575) a rape 32 | 0°3023 | 9.9578 oie 7A RRS eI es |e) 
: 50! 9.6546 | ~> | -9-7040 | > 0.2991 | 9.9512 | © [20 8|24.8)24.0]23.2]5.6 
DT oltaGaraly .losTomzt 2. 0.2960 | 9.9505 | 7 e 9|27.9|27-0/20.1]6.3 
: ; H 
ro} 9.6595 | 32 ia pe ee ae LE © | 063 28) 27)2 
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in the direction of the sight the graduation on the circle 
may be read. 

In running a traverse with prismatic compass, distances 
are determined by pacing, timing an animal or a boat (Arts. 
95 and 06), or by other exploratory method, and the 
record of the distance and of the angle read for the course 
run are entered on the same line in the note-book. These 
quantities can be platted with scale and protractor, and give 
a fair plan of the route traveled. . 

92. Magnetic Declination.—The compass-needle points 
to two magnetic poles, which coincide with the true north 
and south in but few places on the surface of the earth. The 
angle made with the true meridian by the magnetic meridian 
at any point is called the magnetic declination. Declination 
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is subject in all places to changes which are diurnal, secular, 
annual, and lunar. The two latter are very small and may 
be neglected. 

The diurnal variation is scarcely perceptible in any 
ordinary survey, being zero between 10 and 11 in the morning 
and at about 8 P.M. It is greatest, that is, the north end is 
farthest east at about 8 in the morning, and farthest west at 
about 1:30 in the afternoon. The limits of this diurnal 
variation are from five to fifteen minutes. The secu/ar 
variation is quite important; it is fairly periodic in character 
and takes from 250 to 400 years to make a complete cycle. 

Declination may be determined at any time by an obser- 
vation on Polaris to ascertain the true north and its compari- 
son with the magnetic north (Chap. XXXIII). 

93. Secular Variation and Annual Change.—Owing to 
secular variation the declination determined at any date, say 
when some old survey was executed, has varied since. 
Therefore, compass-readings recorded on any date for a 
particular line will not agree with those observed for the 
same line or direction at another time. It is, accordingly, 
difficult to rerun old compass lines, and this can only be done 
with any degree of approximation by knowing the declination 
of the place for the date of the survey and reducing it to 
the present time. Numerous observations have been made 
by the various individual and government surveys, and from 
them there have been prepared diagrams and tables which 
aid in the determination of the declination at any known 
time. A line drawn on a map connecting points having the 
same magnetic declination is called an zsogonic line, and the 
line joining points of no declination is called an agontc line. 

Plate II, prepared from charts in the U. S. Coast and 
Geodetic Survey Report of 1896, shows the isogonic and 
agonic lines in the United States for the epoch of January, 
1900. The isogonic curves, which are lines of equal magnetic 
declination—that is, compass variation from true meridian, — 
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are shown for each degree. The plus sign indicates west, 
and the minus sign east declination. 

On the same plate are indicated in figures the amount of 
annual change of magnetic declination for the period 1895- 
1900. This change, or secular variation, indicates that the 
isogonic lines, as shown on the plate, are all moving west- 
ward, but not at the same rate; the movement being such 
that all western declinations are increasing and all eastern de- 
clinations are decreasing. Thus, to find the isogonic line for 
any year subsequent to 1900, the annual change which is indi- 
cated in minutes is to be applied, the plus sign signifying 
increasing west or decreasing east declination, and the minus 
sign the reverse. 

94. Local Attraction.—In running any survey, be it 
traverse or otherwise, by means of the compass-needle, the 
indications of the same are apt to be misleading as a result 
of local magnetic attraction. This is due to the needle being 
drawn from its mean position in any locality by the attraction 
of masses of magnetic iron-ore or of iron. In fact, if the 
compass is set up alongside of the tracks of a railroad or near 
the wheels of an iron-tired conveyance, it may be attracted 
from its normal position. It not uncommonly occurs that a 
closed traverse circuit run with a compass-needle will fail to 
check by a large error due to some such cause. 

Too much reliance cannot, therefore, be placed on com. 
pass traverses; and when there appears to be local attraction 
as shown by inaccurate closures of the surveys or of the lines 
run, the same must be allowed for in any subsequent work 
in the same locality. This is done by occupying every point 
or station in the traverse, or by reading backsights or bear- 
ings as well as foresights. It may be that local attraction 
will be so great in amount as to render it impossible to use 
the compass at all. During the running of any traverse with 
a compass, it is well to take the precaution of setting up 
and observing backsights and foresights on occasional lines, 
to determine whether local attraction exists. 


CHAPTER XI 
LINEAR MEASUREMENT OF DISTANCES. 


95. Methods of Measuring Distances; Pacing.—The 
most difficult element in running rough traverse or route sur- 
veys is the determination of distances. For directions either 
a cavalry sketch-board, a traverse plane-table with tripod, 
or a prismatic compass (Arts. 64, 61, and 91) may be em- 
ployed, while heights may be determined with the aneroid 
or by vertical angulation (Arts. 160 and 174). 

For the rough determination of distance, four methods 
may be employed, viz.: 

1. Measurement by odometer; 

2. By counting the paces of a man or animal; 

3. By use of the range-finder; or 

4. By time estimates. 

Where distances are to be measured with greater accuracy 
some of the following methods may be used, viz.: 

1. Tachymetric processes; 

2. Chains or steel tape: or 

3. Trigonometric processes. 

Where walking is necessary in order to get over the 
ground, very satisfactory and economic measures of distance 
can be had by pacing. With a little practice a degree of 
accuracy may be attained quite equal to that had in the 
direction and elevation measurements with the crude instru- 
ments employed in reconnaissance work. It is desirable in 
pacing to adopt a stride shorter than the natural one; thus a 
man whose natural step in walking comfortably on level 
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ground is a yard long should adopt in pacing a stride of 32 
inches; and a man whose natural stride is 30 inches should 
adopt a 28-inch pace. The best way to ascertain the length 
of stride isto measure off a distance of, say, 200 feet and 
pace this several times, finding how many paces are required 
to measure the distance. If 70 strides are taken in this dis- 
tance, for instance, the pacer should adopt a stride which 
will enable him to make the distance in 80 steps, and should 
practice it with sufficient frequency to enable him to make 
the distance in 80 steps every time. Such a stride is practi- 
cally the normal one and is easy of calculation, since 40 paces 
equal 100 feet, 20 paces 50 feet, etc. Hence the number of 
paces multiplied by 24 gives the distance in feet. With such 
a shortened stride the pacer can lengthen out a little when 
going up-hill, and shorten his stride in going down-hill, and 
he therefore should practice pacing not only on level ground 
but on inclined ground, to determine how to alter his stride, 
To further szmplify pacing only every other step should 
be! counted, as)those of ‘the left. or right. foot.. Inthe 
foregoing case 20 double strides or the steps of one foot will 
equal 100 feet. Finally, as the length of this double stride 
is 5 feet, there will be nearly 1000 such steps to one mile; 
by lengthening the stride by practice to 5.3 feet, a thousand 
of these will almost exactly equal one mile of 5280 feet. 
Hence 100 such strides will measure one-tenth mile, etc. 
Excellent results have been obtained in rough geographic 
surveys by using instrumental measurements over portions of 
the country, and running checked cross-lines between by 
pacing. Numbers of such lines which the writer has had run 
and plotted checked out in distances of 10 or I5 miles 
between fixed points within ¢ or ,, of a mile, equivalent on a 
two-mile scale to ;!, or x, of an inch. Such results have not 
only been obtained once, but day after day for years, and by 
different men, in the course of rough surveys over rugged 
mountains and deep gorges, through brush and fallen timber. 
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Where it is possible to ride, fairly accurate results can be 
had by counting the paces of a saddle-animal. In deter- 
mining the pace methods somewhat similar to those used in 
determining human pacing should be employed, though of 
course no attempt can be made to shorten or create an 
artificial pace for the animal. Distances should be measured 
not only on level country but on hilly land, and these should 
be between a thousand feet and a quarter of a mile in length, 
and over these stretches the animal should be paced both at 
a walk and at a trot, until a fair average has been ascertained 
of the number of steps at each gait in traveling the distance, 
when the length of stride can be determined. It is a remark- 
able fact that the same animal exhibits great uniformity in 
the Iength of its stride under similar conditions. This is 
especially true of mules, which are the most satisfactory 
animals for use in pacing, as they are slower, steadier, and 
more uniform in their stride than horses. The writer has run 
many miles of traverse in the rough regions of the West and 
under varying topographic conditions, where the distances 
were measured by the pacing of an animal and checked in at 
either end by fixed locations, and the results were frequently 
as accurate as those obtained by average human pacing: this 
not only at a walk, but at a mixed gait, generally a moderate 
trot. In such manner as many as 30 to 35 miles of cross- 
country traverse have been run in a day, which were plotted 
on a geographic map on a scale of four miles to an inch with 
very satisfactory closure checks. In pacing with animals the 
stride of one fore foot only should be counted. 

96. Distances by Time.—Time estimates may be em- 
ployed where uniform pacing is impracticable. With little 
practice the horseman learns the vate of his animal, that is, 
the number of miles per hour which it traverses at different 
gaits, and in rough reconnaissances and exploratory work he 
is thus enabled to estimate with fair accuracy the distance 
he has traveled, by noting the time consumed in passing from 
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one point to another, providing he pays close attention to 
the gaits of his animal and notes the time consumed with 
each different gait. 

In floating down a river a fairly satisfactory measure of 
the distance traveled can be obtained with currents of various 
velocities by ¢7ming floats over a measured distance in 
stretches of comparatively slow velocity, up to those in which 
the speediest rapids are encountered. The explorer may 
thus float down the stream, using a sketch-board or prismatic 
compass for direction, and by timing the boat from one 
course to another a fairly good survey may be made of the 
route traveled. Similar methods may be employed in ascer- 
taining the time necessary to row or paddle a boat in still 
water or against streams of varying velocities, and by en- 
deavoring to maintain a uniform rate in rowing or paddling 
it is possible by timing the courses to get a fair estimate of 
the distances. 

In platting paced and timed surveys it will be found desir- 
able to arrange a scale of pacing or timing. Thus, instead 
of transposing the number of paces into distance paced, a 
scale should be prepared on which should be graduated paces 
instead of distances (Fig. 55). For example, for a man who 
paces a yard at each stride, if the scale of plotting is to be one 
mile to the inch, there will be 10 paces to every ~ of an inch, 
and 100 paces to every =; of an inch, so that by dividing 
an inch into 17.6 parts it will be equal to 100 paces, and 
lesser fractions can be interpolated. In the same manner, if 
a horse strides with the same foot a distance of 6 feet at each 
step, the inch may be divided into 88 parts, and each one of 
these will be equivalent to 10 strides. In similar manner a 
scale of time may be prepared, or, better still, in each case 
several scales for different strides or for different times. 
Thus, for a scale of one mile to one inch, 15 minutes’ travel 
at the rate of 3 miles an hour will be represented by ? of an 
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inch, and the same time at the rate of 4 miles an hour will 
be represented by one inch. 

97. Measuring Distances with Linen Tape.—Various 
methods have been adopted for measuring distances on 
secondary and tertiary traverses in dense woods where the 
underbrush is so thick as to preclude the use of the stadia, 
and where the work required is such as to render unnecessary 
the accuracy attained by the use of steel tape or chain with 
two chainmen (Art. 99). Under such conditions two plans 
have generally been adopted: one, running of traverse lines 
by the topographer, directions being obtained by prismatic 
compass or plane-table (Arts. 91 and 61), and distances by 
the aid of an assistant who drags a chain; the other, by 
directions in the same manner, but distances by pacing (Art. 
95). As the topographer can see but a few yards ahead of 
him, he rarely sights to a fixed object, but on small-scale 
work finds it sufficient to sight in the direction in which the 
assistant has preceded him, dragging the chain. 

A more satisfactory and far more accurate mode of 
measurement under such circumstances has been found to 
consist in measuring distances with a long linen tape. This 
is made of tailor’s linen binding-tape obtained at dry-goods 
stores in spools of five hundred to one thousand feet in: 
length, the best for this purpose being so finely woven and 
so smooth that it slips through the brush without catching, 
and is dragged ahead by one tapeman, the alignment of the 
tape giving the direction which the topographer is to sight 
for his azimuth. It is improved by immersion in boiling 
paraffin. The peculiarity of this apparatus consists in the 
fact that ordinarily the end of the tape will catch in brush 
and around trees, and tear and fray. To prevent this a 
narrow strip of celluloid, of the same dimensions as the tape, 
is sewed on its extreme end, the length of this celluloid 
appendage being from twelve to eighteen inches, and this 
causes it to slip between the bushes without becoming 
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tangled or twisted. With such device numerous traverses 
have been run in the Adirondack woods and plotted on a scale 
of 1$ inches toa mile, with average closure errors of s; to 
gy inch in circuits of 5 to 15 miles periphery. 

98. Odometer.—The odometer is not a distance-measurer, 
but a revolution-counter; consequently a function of such dis- 
tance-measuring is the circumference of a wheel, the number 
of revolutions of which are counted. This wheel may be one 
of a buggy or other light conveyance, preferably a ‘front 
wheel, in order that the odometer which is attached to it may 
be clearly in view at all times; or the wheel may be attached 
to a light hand-barrow, so that it can be trundled along trails 
or other routes over which two- or four-wheeled conveyances 
could not be driven. 

Distance-measuring by means of rolling a wheel over the 
surface and recording with the odometer the number of times 
the periphery of the wheel is applied to the surface may be 
done under the most favorable circumstances with nearly the 
accuracy of ordinary chain or stadia measuring. Such 
accuracy is not as great as that by the latter methods where 
they are carefully executed, but is sufficient for all purposes 
of distance-measuring where the results are to be plotted 
on a geographic map. 

The errors inherent in this work are of four kinds: 

1. Those due to the difficulty of reducing measures on an 
inclined surface to horizontal; 

2. Failure of the odometer or counter to correctly record 
the number of the revolutions; 

3. Slip or jolt in the wheel, due chiefly to striking 
stones, roots, and other obstacles; and 

4. Errors resulting from failure to run the wheel in a 
direct line between two station points. 

The first is perhaps the most serious, and as yet no satis- 
factory means have been devised whereby an instrument will 
record the changes in inclination passed over by an odometer 
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wheel. The second may be partially guarded against only 
by using the best form of odometer and by the traverseman 
counting the revolutions of the wheel at the same time asa 
check. The third is not susceptible to correction, and errors 
due to this cause will occur unless the surface of the road be 
of exceptional quality. The errors due to the(fourth cause 
may be practically eliminated by great care in driving or 
trundling the wheel in a straight line where the road surface 
will permit. These and like errors inherent in odometric 
surveys may be so greatly reduced by careful work as to 
render them of small moment when the survey is to be 
platted on a geographic map, and where there is sufficient 
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control by triangulation, stadia, or other equally good method 
to which to adjust the odometer traverses and thus eliminate 
their errors. Asa general rule the errors due to odometer 
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measurement for this class of work are no greater than those 
introduced in the measurement of directions and due to the 
difficulty of plotting short road tangents to a small scale. 

There are several forms of odometer, among the best of 
which is the Douglas odometer, so named after its inventor, 
Mr. E. M. Douglas of the U. S. Geological Survey. (Fig. 
73-) This is firmly fixed to the axle of the wheel, and a cam 
is welded around the hub, the lift of the cam being of such 
height that as it strikes the lever of the odometer it raises 
this by just the amount sufficient to turn the cog-wheels 
within the instrument and move the index forward one 
division for each lift of the cam, corresponding to each revo- 
lution of the wheel. This odometer records revolutions 
directly, and a similar result may be obtained by the use of 
the ordinary printing-press counter, which may be suitably 
rigged on the axle of the wheel. The old form of pendulum 
odometer is so unreliable as to be of practically no value at 
all for purposes of surveying. ; 

Another form of odometer which has been found to be 
very satisfactory and accurate is the dell odometer (Fig. 74). 


Fic. 74.—BELL. ODOMETER. 


The record of this is in miles, tenths, and hundredths, instead 
of in number of revolutions. As a consequence it is manu- 
factured for different diameters of wheels. Knowing, there- 
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fore, the diameter of the wheel, the corresponding odometer 
must be ordered from the maker, and the record may be in 
‘miles or some scale unit, the latter being obtained by the 
surveyor making a false dial to be pasted over that which is 
furnished. This instrument is attached to the axle of the 
wheel.and records by a small lug on the hub striking a star- 
shaped wheel connected with an endless screw within the 
odometer. 

The mode of counting revolutions of a wheel most satis- 
factory to expert traversemen is by tying a rag to one of the 
spokes and counting the revolutions as 1t comes in view each 
time. The traverseman soon becomes so expert that he does 
this counting without any apparent effort, and he intuitively 
catches through the corner of his eye the flash of the white 
cloth. Others fasten gongs with heavy pendulum clappers 
to the spokes of the wheel, so that each time the wheel 
revolves the clapper falls and strikes the bell. Others rig 
gongs to the axle and cause them to be struck by clappers 
attached to the revolving wheel or hub. The simplest 
counter is, however, the most certain, and of these is the cloth 
tied to the spoke and counted mentally, or, best of all, ona 
hand-recorder which is pressed at each flash of the cloth as it 
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revolves, the recorder registering automatically the number 
of revolutions. (Fig. 75.) 
In using any form of odometer measurement it becomes 


233 


UPC EID: 


ODOMETER—REDUCTION 


| { i | 
gen Sis, | tLe See | 961 gSt jegear Ney NE ES Nes Terie ages sl Mores | ACG) Cee ra g t | cron 
SS || HS | oles gee | Lor gSI eee WOE MGS! ORS || Tee Al tee Narre Miteks tope peau tl ace v | Tr 
sie ere | gle eta, |. com 6S1 (ongad Coxe OW lO Ieee Nie Wiavae| (Oc | or = cr 8 Pe eee 
ogt Ozf | Oge ofe 00% O91 OTL OSM Ol NOS WN ce Gs ke 40s | Or.) ox 8 t | ow" 
fof Zoe | ZQS ave | 106 Ig Tce wba Otel no otellec oun eciainticms | Oca |ZORIM| om “enc Len eee i 
Sof Soe | tee tte | €0z zgI Cale WeliCate LELNIRGS HiLSea (ee eG OS) ,|eOi esl cal 8 + | o'fI 
SOE, | eloSe (more Sve | voc to1 CS IaleoCes| Lr lec Ml eCoe Oct Seu OS Thor gl) el) ae ALN tT AG 
1L€ Olha | “eee L¥e | 90% SQL Eo eGOu Ties | LcaieeS @) | Sita aia) | MOWE ||Gaid Ue; v ee 
TLE Ce cm eLOw oSz goz 991 SCL COMIC MN Ao a ocmOC meses Lr | Co le v ge 
LLE CES ae OG Tce OOS, QOL WOCIN | EOm iar TeOG ier eh) Sa Mion NVA ur PN I 2 9° 
oge gee S6z C Seed ics 691 LOL Qe CP elem Hea NeOGe I eSicamlitic: Holt ea" CT. alle 4 S*s1 
Ege Ibe g6z Ssz cuz oLt Cob S| Tacit ECS mi Toe WOS aleccaml is JLT oy en bg t t 
gge eve oot ES a alee riz oli Oz SO Cm ec te HOS Gre OtieSc. Wate, veer ela 6 a4 gS 
o6€ gté £o€ 09% giz (Gi Om lee eh ogee OS NomsNee, jor er | 6 | v a 
ZOE 6r€ Sof zQz gla LI LEC CS teen OSet See hCG OCeal ag Neer leer 1a a4 1 
g6£ zSe gok oz Ott gli Co CCM Vy VaOK Mi aG ce Heie mlO cas aceenl Oil mil) Care eG t O'ZI 
66€ Sse Bee 99% ZZe gli Col OC Marten Ov mir ScrlliCull\ AGmll case m mneir 16 t 6: 
zor gst €1€ g9z GZa 6OL1 Pots OCP ok OUM OG ieee sical ce. leon an cit 6 1 ¥ 8° 
gor ioe gIe 1Lz Sze Ogi Sse Mole). || he same ops eas ARGS Wormer sino 1S Es 
or Foe pact EL Lze ZQI OSL: | LOMO etk WA Zo Neo Ge eoTell tn to S 9° 
€1ih Lot Loe, | SLs 6zz% ter Query COM Oi he Lo. veo alee CMO poral Ore) 7S Over 
Cuts oLt tze glz 1£% Sgl OCT MRC Om OV: Iceman itz Geriies [sor sia kG a s We 
och | tLe | Let Ogz Cs L£g1 On 1) SOu| Lh | oRaiLe WEG sivee @ hore! ta pool's €° 
ra LLE o£€ £32 Sez Sgt TEU Om pate I CraingG anes Cri Ros Oleh 6) | S oe 
ae Tgé £ce ggze gtz o61 Eri \SOm\ er. kor ch NE NOs ul be NOTellhD |eon -S ie 
(4am 4 Fgt | off 8gz obz zOL tyr | 96 | gh | fb | gE we Ose Me OL MPT Orel 3S O'lL 
| 1204 
“SUOITN[OADIY | 
2 —— “20M 
| 06° | og2 | of7 09° | oS* | or’ | (of59 | 0%" | ‘Orn | 60° | SOP VEO Noon | So* | fo’ | £o* | zor | ro" | JO souadsaz 
z 3) we. Ae wae | ee dl ee ae t \ US oe aN et -wINd41D 
“IIIT VB JO SUOIIO VAS 


“LLANNV) ‘ce Kqeporedory 
‘STUN V JO STVYWIOXd OLNI SNOILNTOAXY THHHM ONILYAANOOD fOr TIA #iav LT 


234 LINEAR MEASUREMENT OF DISTANCES. 


necessary to accurately measure the outer circumference of 
the wheel and then, for convenience in plotting, to arrange a 
small table in accordance with the scale of the map, so that 
the number of revolutions multiplied into the circumference 
will give decimals of the map scale. This table would there- 
fore show for each tenth or hundredth of a mile or other 
unit the number of revolutions corresponding to such dis- 
tance. (Table: VII.) 

99. Chaining.—The chain is little used by topographers 
excepting in dense woods and where the odometer cannot be 
run nor the stadia-rod seen. Chains are made of two 
lengths. The surveyor’s or Gunter’s chain is 66 feet long 
and consists of 100 links, each 7.92 inches long. It is only 
used in determining the areas of land where the acre is the 
unit of measure. It is universally used in all of the United 
States public-land surveys. In all deeds of conveyance of 
property, where the word ‘‘chain”’ is used it refers to the 
66-foot chain. 

The engineer's chain, that commonly used now, consists of 
100 links of steel wire, each connected with the next by two 
or three rings. Each link with its rings is one foot in length, 
and the total length of the chain is 100 feet. At intervals of 
ten links brass tags are brazed on, having one to four points 
to andicate distances. of 10; 20, 30 feét,setc. The: chain is 
provided at either end with brass handles fastened with a 
swivel, and the length of the chain includes the handles. 

The chain is done up from the middle, two links at a time 
being drawn into the hand. In measuring with the chain the 
front chainman carries a bundle of ten pins with pieces of 
cloth tied to them to attract the attention of the rear chain- 
man, and one of these pins is pressed into the ground at each 
chain-length. They are picked up and tallied by the rear 
chainman as he progresses. It is very easy to make mistakes 
in chaining, because of the liability to drop a chain in count- 
ing or the tendency to measure on sloping ground without 
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making the proper reductions to the horizontal. Moreover, 
the chain varies in length by tension, expansion, and contrac- 
tion. In chaining on steep ground the endeavor should be 
to hold the chain level and to plumb down from one end, and 
where the slopes are very steep half-chains of fifty feet only 
should be measured at a time in order that the chain may be 
held horizontally. 

The chainmen usually work ahead of the transitman 
towards the front flag, but they may be passed by him and 
follow him. The rear chainman is the more important of 
the two, as under ordinary methods of running he lines in the 
front chainman. The latter walks ahead, dragging the chain 
behind him, and moves to one side or the other according to 
the rear chainman’s signaled directions. The rear chainman 
shakes the chain out to get rid of kinked links, holds the end 
of the handle against his pin, and when the front chainman 
is in line calls out ‘‘ Down!” when the latter places the fore 
pin in the ground. The front chainman should be the more 
active of the two, as the speed of the party depends upon his 
movements. 


CHAPTER XE: 
STADIA TACHYMETRY. 


100. Tachymetry.—Tachymetry, or, as it is sometimes 
called, tachyometry, is a method of rapid surveying which 
enables the operator, by a single observation upon a rod, to 
obtain the necessary horizontal and vertical data for the de- 
termination of the three elements of position of a point on 
the surface of the earth. Optical measurement of distances, 
azimuths, and heights by one observation is its essential prin- 
ciple, and is performed by means of stadia, telemeter, or special 
tachymetric attachment. Tachymetry furnishes at one oper- 
ation all the controlling elements required in topographic 
surveying as distinguished from plane surveying, which for 
topographic requirements must be supplemented by hypso- 
metric surveying. 

The znstruments employed in tachymetric measurement 
consist of a good transit or plane-table and alidade (Arts. 85, 
56 and 59), and of a well-made rod variously divided accord- 
ing to the method employed (Art. 112). The requirements 
of this method are rapidity and comparative accuracy of meas- 
urement accomplished with the least cost, rather than with 
extreme precision. Where it is necessary to measure dis- 
tances and elevations at the same time, tachymetry gives as 
nearly accurate results, at much less cost of time and money, 
as are possible with chain and spirit-level. 

There are practically two systems of tachymetric meas- 
urement: 

1. The angular or tangential system; and 

2. The stadia, telemeter, or subtend system. 
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By angular tachymetry the horizontal distances are deter- 
mined by measuring the vertical angle between two marks at 
a given distance apart on a rod. By subdtend or stadia 
tachymetry the horizontal distance is determined by observing 
the number of divisions intercepted on a rod between two 
lines in the diaphragm of the instrument, the distance between 
which bears a fixed ratio to the distance intercepted. 

The simplest form of tachymetry is with the plane-table, 
since on this is executed a graphic triangulation which attains 
the same end as does optical tachymetry or the range-finder 
(Art. 116). All forms of tachymetry are by means of trian- 
gulation, varying from a long base, as with plane-table or 
theodolite triangulation, to the short base of a Welden range- 
finder or of stadia-wires. Tachymeters may be divided into 
three classes: 

1. Those in which the measured base forms an integral 
part of the instrument itself, as is the case with the Wagner- 
Fennel type of tachymeter and the large fixed range-finders 
employed at seacoast batteries and on board ships; 

2. Those in which the measured base is on the point ob- 
served, as is the case with the stadia; and 

3. Those in which the base is measured on the ground at 
the observer’s station, as with the Welden range-finder and 
the plane-table used in range-finding. 

101. Topography with Stadia—In running a simple 
stadia traverse considerable topography may be obtained by 
the method of triangulation intersections (Art. 73) in con- 
junction with the stadia traverse, where it may be necessary 
to expand the area of topographic mapping. Thus signals 
may be established on commanding summits visible from the 
line, and directions and vertical angles (Arts. 54 and 160) 
be read to these, thus determining their positions. Then 
the stations marked by the signals can be occupied by the 
topographer; or else two or three assistants with stadia-rods 
may move about to the various positions which it is desired 
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to determine from these stations; the topographer meantime 
observing on the rods and thus locating them, after which he 
sketches in the topography adjacent to their position. 

The simplest method of surveying a river or narrow lake is 
with the stadia. The transit or plane-table should be carried 
in one boat and landings be made for stations; or, where 
banks will not permit of landing, the instrument may be firmly 
fastened in the boat. Ina second boat a stadia-rod is carried 
and distances and directions are read to the rod by the topog- 
rapher, thus locating its position. By moving along, the 
topographer alternately passing the stadia-man and the stadia- 
man the topographer, and repeating this process, it is possible 
to procure a fair map of such river at moderate cost and ina 
comparatively short time. Greater speed and accuracy are 
obtainable, where the conditions permit, by executing plane- 
table triangulation in conjunction with the stadia measure- 
ments, according as one or other method is more convenient. 

102. Tachymetry with Stadia.—The stadia is a device 
for determining the distance of a point from the observer by 
means of a graduated rod ard the distance subtended on it 
by auxiliary wires in the telescope of a transit or alidade. 
The principle upon which stadia measurements are based is 
the geometric one that the lengths of parallel lines subtending 
an angle are proportioned to their distances from its apex. 
This proportion is applied through the medium of two fine 
wires or cross-hairs, or a glass with lines etched on it at the 
positions of the cross-hairs, and equidistant from the cen- 
tral cross-hair or line. The space which any two of these 
lines subtends on a rod or other object of known length 
bears a direct ratio to the distance of that object from the 
cross-hairs of the instrument, and, accordingly, knowing the 
distance subtended on the rod, its distance from the instru- 
ment can be at once determined. 

The term stadia surveying is used to include not only the 
measurement of the horizontal distance, but also the deter- 
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mination of heights by means of vertical angles observed to 
a fixed point on the rod. The stadia hairs may be horizontal 
and the rod held vertical, or wce versa, though the former 
method is usually preferred, for the rod can be more steadily 
and readily held in a vertical position than horizontally. The 
stadia-rod (Art. 112) may be held at right angles to the line 
of sight, which on a uniformly sloping hill would require it 
to be inclined at exactly right angles to the slope, or it may 
be held vertically, which is a much simpler operation, and 
the angle of inclination is then reduced by computation or 
tables (Arts. 104 and 105). The latter method is more 
safely and commonly employed than the former. 

The stadta-hairs are usually three in number and are 
placed parallel to each other, the outer equally distant from 
the center one, and at an extreme distance from each other 
which bears a decimal ratio between the distance subtended 
and that measured horizontally on the ground. For very 
accurate work it is considered better practice to have the 
stadia-hairs fixed so that they are not adjustable, and to de- 
termine experimentlly the ratio between the distance which 
they subtend on the rod and that measured on the ground; 
or, in other words, the multiple of the distance subtended. 
The more common and convenient way, however, is to place 
the extreme hairs at such a distance apart that one foot sub- 
tended on the rod represents one hundred feet on the ground 
plus the focal length, and this ratio is obtained by having 
the hairs adjustable so that by testing the adjustment it ean 
be ascertained at any time whether or not this ratio is cor- 
rectly fixed. By this means it is possible to measure greater 
distances than would be observable on a rod of given length, 
by using the half-hairs, or the distance between one of the 
extreme hairs and the middle hair; in which case a given dis- 
tance on the rod would correspond to double the distance on 
the ground measured by the extreme hairs. 

Example: One foot subtended by extreme hairs equals 
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100 feet in distance; then, with level horizontal, if 5.68 feet 
are subtended on rod by hairs, the rod is distant from the 
telescope 568 feet plus the focal length /. 

Example: If the sight be still horizontal but the half 
hairs set so that 1 foot on the rod equals 200 feet in distance, 
then for the above intercept, 5.68 feet, the distance from the 
center of the instrument to the rod will be 1136 feet plus the 
focal distance. 

103. Accuracy and Speed of Stadia Tachymetry.— The 
accuracy and precision of well-conducted stadia-work is rarely 
fully appreciated. The stadia is essentially intended to secure 
rapidity rather than accuracy; nevertheless, with proper care 
to eliminate the chief sources of error, a high degree of accu- 
racy may be attained. It is now generally believed by most 
of those who have employed the stadia in careful operations 
that where properly handled it will produce results as good 
as, and frequently better than, those with the chain, especially 
in rough country where the inclination of the ground affects 
chaining most seriously. 

The degree of precision is dependent wpon several quanti- 
ties, chief among which are: 

1. Length of sight; 

2. Ratio of the space subtended on the rod to the dis- 
tance on the ground; 

3. Magnifying power of the telescope; 

4. Fineness of the cross-hairs; and 

.5- Precautions taken to modify or eliminate the effects 
of refraction. . 

Numerous experiments have been made to ascertain the 
effects of magnifying power. By observing distances with 
telescopes magnifying 15 times and 25 times respectively, 
under essentially the same conditions, Prof. Ira O. Baker 
found the average error in the first case, that is, with the 
lower magnifying power, to be I in 282, and in the second 
case, with the higher magnifying power, I in 333. He simi- 
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larly experimented with a view to determining the length of 
sight and corresponding error, with the result that the errors 
at distances of 100, 200 and 300 feet, respectively, were 1 in 
282, I in 263, and I in 370. These results, however, are not 
as valuable in showing the effect of this form of error, 
because it is largely introduced by the quality of the instru- 
ment, its magnifying power, size of cross-hairs, atmospheric 
conditions, and similar modifying circumstances. 

Experiments by Mr. R. E. Middleton showed the “mt of 
accuracy of the stadia instrument with which he was experi- 
menting to be about 800 feet. Between 100 and 800 feet 
the average error was minus .43 feet per thousand feet; 
beyond this distance it increased rapidly to minus .g7 feet 
per thousand. 

Perhaps some of the most interesting results obtained with 
stadia, as showing its precision, were those obtained by Mr 
J. L. Van Ornum in taking topography on the international 
survey of the Mexican Boundary. The whole of the boundary 
line was measured with the stadia, and a large portion of it by 
the chain, and always tied in by a system of accurate primary 
triangulation. Corresponding distances were found by stadia 
and chain and compared with the known distances as obtained 
by triangulation, with the following results: 

Of five different stretches measured by the three methods, 
the total distance shown by triangulation was 99,110 meters, 
by stadia 99,025 meters, by corrected chain 99,041 meters. 
The total ratio of error between triangulation and chaining 
was minus I in 1436, and between triangulation and stadia 
minus I in 1166. Other sections of the line were measured 
by stadia and triangulation, but not by chain. In all there 
were measured 182.5 miles by stadia which were triangulated 
and in which the total difference in length was plus. 50 
meters, or I in 5837. It may be noted that the chained 
distance was marked corrected chain, because in six measure- 
ments of the chained distance, dropping or omission of chain- 
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lengths occurred which were detected in every instance by the 
stadia. The cause of this may be sought in the fact that the 
responsibility for correct measurement with stadia was placed 
on a trained instrumentman, thus reducing the danger of 
systematic error toa minimum. Moreover, there were some 
distances measured with the stadia which it would have been 
almost impossible to measure with the chain owing to the 
roughness of the country and the great error and confusion 
which would have resulted from breaking chain frequently on 
exceedingly rough ground. 

In the surveys of the Indian Territory by the United - 
States Geological Survey, a considerable number of section 
lines were run with stadia and chain with a view to determin- 
ing ina general way whether the stadia measurements were 
as accurate as the chain measurements, or, in other words, if 
they could be kept within the limit of error allowed in the 
Manual of the U. S. Land Office. This work was not done 
with any great accuracy, but with sufficient care to ascertain 
the fact that in every case the stadia measurements were 
well within the closing limits allowed for chaining according 
to the Manual, namely, § of a link per chain-length. 

The degree of accuracy which may be attained by com- 
paratively crude stadia surveys extending over a great area 
may be illustrated by a preliminary line run in Mexico by 
Mr. \W. B. Landreth and the author from the west coast 
near Culiacan across the Sierra Madre to Durango and back 
by a different route. The method of running consisted in 
reading declination and distance with a transit to a stadia-rod 
held as foresight, the instrumentman leaving a small sapling 
with a piece of paper at his instrument position to serve as a 
rearsight, Vertical angles were read also in connection with 
this line. The total distance closed as a circuit 606 miles ia 
length. It was computed by latitudes and departures which 
closed within 1100 feet, while the average cost of the survey 
was about $3.00 per linear mile. 
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The seed of stadia surveys is far greater than that of 
chaining where the surface of the ground is rough, since 
sights of one to two thousand feet length can be taken. 
Under similar circumstances the chain has to be laid down 
and stretched every hundred feet. Again, in a winding 
canyon or hilly road the instrument may have to be set up 
every hundred feet, perhaps ten times in 2000 feet. A single 
set-up and sight with the stadia may make the same measure 
and be not only speedier but far more accurate. The latter 
because one relatively crude measure will be less liable to 
error than ten separate measures of both angle and distance. 
Finally, the relative speed is further increased and the cost 
reduced correspondingly when elevations are to be obtained. 
For with stadia this is accomplished with the same men and 
instruments in conjunction with the plane survey. With 
chain survey, however, another party is necessary to deter- 
mine elevations by spirit-level. 

Over smooth country surveys may be made by stadia still 
more rapidly than by chaining or leveling if the rodman be 
mounted or ride a wheel, and the instrumentman ride or 
drive. On the Mexican survey above cited as many as 16 
miles a day were often made, including the determination of 
height and the sketching of topography. Under favorable 
circumstances 10 to 20 miles a day can be made as easily as 
5 to 8 miles walking with chain or level. 

Surveys by stadia traverse and plane-table intersections 
combined have been made of the shore line of large lakes, as 
Raquette Lake in the Adirondacks, at remarkably low cost 
and with great accuracy. This lake has a most intricate 
shore line and contains many islands, all heavily wooded. 
Yet its 45 miles of outline were mapped on a scale of 14 inches 
to a mile by one topographer and one stadiaman, both in 
boats, in 12 days. 

104. Stadia Formula with Perpendicular Sight. — In 
sighting the rod from the telescope, the stadia-wires appear 
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to be projected upon the rod, thus intercepting a fixed dis- 
tance upon it. In fact there is formed at the position of the 
stadia-wires an image of the rod which the wires intercept, 
and at points which are the respective foci of the two points 
subtended on the rod. If the object-glass be considered a 
simple bi-convex lens, then, by the principle of optics, the 
rays from any point of an object converge to a focus at a 
straight line which is a secondary axis connecting the point 
with its image and passing through the center of the lens. 
This point of intersection of the secondary axis is the optical 
center. It follows that the lines cC and 48, Fig. 76, drawn 


IMAGE 
INSTRUMENT 


Fic. 76.—STApDIA MEASUREMENT ON HORIZONTAL. 


from the stadia-wires, will intersect the object at points 
corresponding to those which the wires cut on the image of 
the rod. From this follows the proportion 


ehencen aa. il ia aia ah LT (2) 
in which @ = the distance of the rod from the center of the 
objective; 
f = the distance of the stadia-wires from the center 
of the objective; 
a=the distance intercepted on the rod by the 
stadia-hairs; and 
2 = the distance of the stadia-hairs apart. 


Z 


If # remained the same for all lengths of sight, then 4+ 
2 
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would equal a constant, and d would be directly proportional 
to a. Unfortunately # varies with the length of the sight, 
and the relation between d and a is therefore variable. 
Representing the principal focal length by the letter 4, and 
applying the general formula for bi-convex lenses, that the 
sum of the reciprocals of the conjugate focal distances of the 
convex lens is equal to the reciprocal of the focal length of 
the lens, we have 
2 2 7 
3 +. - — F’ Wisintalsate. bin (3) 
in which two different focal distances of image and object, 
f and #’, are approximately the same as / and d respectively. 
Substituting the above formula in (2) and transposing, we 


get [ 
nae 
= ring +f. ie) er neh an wiceaie (4) 


Since in the above fand 7 remain constant for sights of all 
lengths, the factor by which a is multiplied is a constant, and 
d is equal to a constant multiplied by the length of a+ /. 


The constant corresponding to Zs usually designated by 4, 


and accordingly the distance from the rod to the objective of 
the telescope is equal to a constant times the reading on the 
rod plus the focal length of the objective. 

To obtain_the exact distance to the center of the instru- 
ment, it is further necessary to add the distance of the 
objective from the center of the instrument to 4, which may 
be called c; the final expression for the distance of the hori- 
zontal sight is then 


Oe Costes tale ce 5) 


The approximate value of /, the focal length, may be 
obtained by focusing the telescope on a distant object and 
measuring the distance from the center of the object-glass to 
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the cross-hairs. The value of c is not constant in most 
instruments, since the objective is moved in focusing for the 
different distances. It may be determined by focusing on 
an object a few hundred feet away and measuring the distance 
from the objective to the center of the instrument. 


The value of = k may be determined by driving a 


tackhead in a stake and setting up the instrument over this. 
From this point measure two distances—one, say, of 100 
feet, and the other of 300 feet—and holding a rod at each, 
note the space intercepted on the rod at each point. Now, 
from the formulas, 


d=ta+(s+9) - RT erties) 
and 

ee se 

BEES a5 rm ee REINS yes 


in each of which the values of d and d’ and a and a’ are 
known, the values of fa k and f+ c may be deduced. 


105. Stadia Formula with Inclined Sight.—Formula (5) 
is based on the assumption that the visual ray is horizontal 
and the rod held vertical; that is, the line of sight is assumed 
to be perpendicular to the rod. This formula is inaccurate, 
however, for most stadia-work, because the sights are not 
taken on a level, but usually on a slope or inclination. 
Accordingly, @ is not the horizontal distance from the 
instrument to the rod, but the inclined distance from the 
horizontal axis of the telescope to the point on the rod 
covered by the central visual hair. Formula (5) may be used 
with an inclined sight, provided the rod is held perpendicular 
to the central visual ray, and such perpendicularity may be 
obtained by a telescope, or, more simply, by means of a pair 
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of sights attached to the rod at right angles, or by a plumb- 
bob. 

The effort to procure perpendicularity of the rod involves 
several serious difficulties, among which are: (1) the difficulty 
of holding the rod steadily in this position; (2) the fact that 
it is not always possible for the rodman to see the telescope 
at a long distance or great angle; and (3), because the 
formulas for computing the horizontal and_ vertical co- 
ordinates are more simple when the rod is held vertical than 
when it is held perpendicular to the line of sight. 

The same effect as is obtained by perpendicularity is 
obtained by holding the rod horizontally and having the cross- 
wires of the telescope placed vertically. There are some 
advantages in this method, because there is no likelihood of 
confusing either of the stadia-hairs with the central horizontal 
leveling-hair used in obtaining elevations. Though in some 
detailed work this method has been employed, the chief 
objection to it is the difficulty of holding the rod horizontal, 
it being usually necessary to support it upon trestles or some 
similar device. Neither of the above methods is generally 
accepted, as they are less simple of accomplishment and pro- 
duce no better results than the more usual method of holding 
the rod vertical. Hence they will not be further discussed. 

The rod may be held vertical with as great ease as may a 
leveling-rod by balancing it between the fingers or by having 
attached to it plumbing-levels. The formula for reduction 
to verticality is comparatively simple. Let a= angle of 
central visual ray with the horizon. This angle is measured 
by the central stadia-hair, either as a process in determining 
trigonometric levels or merely with the object of reducing 
the stadia distances. It is generally small and should be 
kept as small as possible to produce the best results. Let 
26 = the visual angle subtended by the extreme cross-hairs 
on the rod, an angle which is always small, rarely exceeding 
one half of a degree. 
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As CD (Fig. 77) is the actual distance subtended on the 
rod, and AB the distance which would be subtended if the 
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rod were held perpendicular to the line of sight, the relation 
between AB and CD is required, and by simple mathematical 
deduction we obtain as an expression for this 


AB = CL)cosa. fo ae ee Nn 


Since AB is the distance subtended with the rod held per- 
pendicular to the line of sight, it is the value of a correspond- 
ing to the distance d in Formula (5), and it therefore becomes 


A i==ha COs a fee cye | att ot eee 


Let @ =the horizontal distance from the center of the 
instrument to the vertical foot of the rod, the actual distance 
which it is desired to measure. Then d@’ = dcos @ = actual 
distance from center of instrument to center of rod multiplied 
by cos a. Substituting in this the value of d from formula 


(9), we have 
a’ =kacosa+(f+c)cos@ . . . (10) 


We also have 
sin 2@ 


h=(f+ 06) sina+ ak eee ae (11) 


in which 4 = the vertical distance or height of the object — 
above the instrument. 
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With the aid of these two formule the horizontal and 
vertical distances can be immediately calculated when reading 
on a vertical rod and when the angle of elevation is observed. 
From them numerous stadia tables have been calculated, 
the earlier and more important of which were those published 
by Messrs. J. A. Ockerson and Jared Teeple and those pub- 
lished by Mr. Arthur Winslow. 

106. Determining Horizontal Distances from Inclined 
Stadia Measures.—The following table (VIII), derived from 
the U.S. Coast and Geodetic Survey reports, is one of the 
most compact for use in reducing short stadia sights observed 
on slopes to their horizontal projections. 


SGA oe Val Te 


REDUCTION OF INCLINED STADIA MEASURES TO 
HORIZONTAL DISTANCES. 


— 


Horizontal projection of— 
Inclination 
in degrees. | | 
| to feet.| 20 feet.| 30 feet.| 40 feet. 50 feet.| 60 feet.| 70 feet.) 80 feet. | go feet. 
| 
Deg. | : 
I 9-997 | 19-995 | 29-993 | 39-991 | 49-988 | 59.986 | 69.984 | 79.98 89.979 
2 9-99 | 19.98 | 29-97 | 39:96 | 49-95 | 59-94 | 69.94 79-92 89.91 
3 9-98 19.96 29-93 39.91 49.88 59-86 69.84 79-82 89.80 
4 9-96 19.92 29.88 39-84 49.80 59-76 69.72 79.68 89.64 
5 g-94 | 19.88 | 29-8t | 39-75 | 49-69 | 59-63 | 69.57 79+5° 89.44 
6 g-9r | 19.82 | 29-73 | 39-64 | 49-56 | 59-46 | 69.37 79 +27 89.20 
7 9.88 19.76 29.64 39.52 49.40 59.28 69.16 79.04 88.91 
8 9.84 19.68 29.53 39.37 49.21 59.06 68.90 78.74 88.58 
9 9.80 19.60 29.40 39.21 49-01 58.80 68.61 78.41 88.21 
Io 9-75 19.51 29.27 39.02 48.78 58.54 68.20 78.05 87.79 
11 9.70 1g.4t | 29.11 38.82 48.52 58.22 67.93 77-64 87.34 
12 9.65 19.30 28.95 38 6o 48.24 57-90 67.55 77.20 86.84 
13 9-60 19.20 28.80 38.40 48.00 57.60 67.20 76.80 86.40 
14 9-55 19.10 28.65 38.20 47°75 57+30 66.85 76.40 85.95 
15 9-50 19.00 28.50 38.00 47+50 57-00 66.50 76.00 85.50 
/ ° 
Example: ¢@ = 160.20 and a= 7° 00 = 05.70 die TA Oo. 
( TOOcisisus o stgeetnes stous 8 98.80 (90 Ria le ae tanials lous. spears’ sic siehe 89.64 
TO a2 Hh OO cies wi «1 Stee Ss Seis chs 59.28 Oblast inpcMaceinc Oonogbo nde 7.968 
( OO oe thaomeae teu 0.1976 | Ol eseseibie lai) a alel sfetiavel ofete, 0.6972 
“= 158.2776 a = 98.2052 


107. Horizontal Distances and Elevations from Stadia 
Readings.—Table IX was computed by Mr. Arthur Winslow 
and is reproduced here from J. B. Johnson’s ‘‘ Surveying.’’ 
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HorIZONTAL DISTANCES AND ELEVATIONS FROM STADIA READINGS. 
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* From “ Theory and Practice of Surv ; by Prof B y f : 
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‘PARLE LX. 


HORIZONTAL DisTANCES AND ELEVATIONS FROM STADIA READINGS. 


4° 5° 


Minutes. Nl 
Hor. Diff. Hor. Diff. 


Dist. Elev. Dist. Elev. 


99.51 6.96 2d 8.68 

. 7.02 | 99. 8.74 
99.50 7.07 ; 8.80 
99-49 7-13 : 8.85 
99.48 | Qo. 8.91 
| 99.47 . 8.97 


99.46 y 9.03 

ee 9.08 
99-45 , : 9-14 
99:44 D spe) 
99:43 ; O25 


99.42 i 9.31 
99.41 . : 9°37 
99.40 71 | 99. 9-43 
99-39 : u 9.48 
99.38 ; 9-54 


99.38 : 9.60 
99:37 9-65 
99.36 : H 9.71 
99.35 | 8 04 | 9.77 
99.34 | : 9-83 


99-32 . 9:94 
99.31 A 10.00 
10.05 
10.11 


10.17 
10.22 
10.28 
10.34 
10.40 


0.07 
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TABLE IX. 
HorizonTAL DISTANCES AND ELEVATIONS FROM STADIA READINGS. 
8° 9° 10° aie 

Hor. Diff. Hor. Diff. Hor. Diff. Hor. Diff. 
Dist. Eley. Dist Elev Dist. Elev. Dist. Elev. 
98.06 | 13.78 | 97-55 | 15-45 | 96.98 17.10 96.36 18.73 
98.05 | 13.84 | 97.53 | 15.51 | 96.96 17.16 96.34 18.78 | 
98.03 | 13.89 | 97.52 | 15.56 | 96.94 17-2F) |, 600-32 18.84 
98.01 | 13.95 | 97-50] 15.62 | 96.92 17-20 96.29 18.89 
98.00 | 14.01 | 97.48 | 15.67 | 96.90 17-32 96.27 18.95 
97-98 | 14.06 | 97.46 | 15.73 | 96.88 17.37 96.25 19.00 
97:97 | 14.12 | 97-44 | 15.78 | 96.86 17.43 96.23 | 19.05 
97-95 | 14-17 | 97-43 | 15.84 | 96.84 17.48 96.21 19.11 
97-93 | 14.23 | 97-41 | 15.89 | 96.82 17.54 96.18 19.16 
97-92 | 14.28 | 97.39 | 15.95 | 96.80 17.59 96.16 19.21 
97-90 | 14.34 | 97-37 | 16.00 | 96.78 17.65 96.14 19.27 
97-88 | 14.40 | 97.35 | 16.06 | 96.76 17.70 96.12 19.32 
07-97) LAA S| O7.Ga Louie oGer4. 17.76 96.09 | 19.38 
97-85 | 14.51 | 97.31 | 16.17 | 96.72 17.81 | 96.07 19.43 
97-83 | 14.56 | 97.2 16.22 | 96.70 17.86 96.05 19.48 
97-82 | 14.62 | 97.28 | 16.28 96.68 17.92 96.03 19.54 
97.80 | 14.67 | 97.26 | 16.33 | 96.66 17.97 96.00 | 19.59 
97-78 | 14.73 | 97.24 | 16.39 | 96.64} 18.03) 95.98 | 19.64 
97:76 | 14.79 | 97.22 | 16.44 | 96.62 18.08 95-96 19.70 
97:75 | 14.84 | 97.20 | 16.50 | 96.60 18.14 | 95.93 19.75 
97-73) 14.90} 97.18 | 16.55 | 96.57 18.19 95-91 19.80 
97-71 | 14.95 | 97.16 | 16.61 | 96.55 18.24 | 95.89 19.86 
97-69 | 15.01 | 97.14 | 16.66 | 96.53 | 18.30 95.86 19.91 
97-68 | 15.06 | 97.12 | 16.72 | 96.51 | 18.35 95:34 19.96 
97-66 | 15.12 | 97.10] 16.77 | 96.49 | 18.41 | 95.82 | = 20.02 
97-64 | 15.17 | 97.08 16.83 | 96.47 18.46 95-79 20.07 
97-62 | 15.23] 97.06] 16.88 | 96.45 18.51 95:77 20.12 
97-61 | 15.28 | 97.04 | 16.94 | 96.42 18.57 | 95-75 20.18 
97-59 | 15.34 | 97.02 | 16.99 | 96.40 18.62 | 95.72 20.23 
97-57 | 15.40 | 97.00 | 17.05 | 96.38 18.68 | 95.70 20.28 
97:55 | 15.45 | 96.98 | 17.10 | 96.36 18.73 | 95.68 20.34 
0.74 O.11 0.74 0.12 0.74 0.14 | O73 aloes 
0.99 0.15 0.99 0.16 0.98 0.18 0.98 | 0.20 
1n23 0.18 1.23 0.21 1.23 0.23 1.22 0.25 
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‘TABLE LX, 


HorizonTaL DISTANCES AND ELEVATIONS FROM STADIA READINGS. 


Minutes, 
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TABLE IDS. 


HorizonTAL DISTANCES AND ELEVATIONS FROM STADIA READINGS. 
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HorizonTaL DISTANCES AND ELEVATIONS FROM STADIA READINGS. 
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TABLE IX, 


HorizonrAL DISTANCES AND ELEVATIONS FROM STADIA READINGS. 


Minutes. 
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TABLE IX. 


HorizonTAL DISTANCES AND ELEVATIONS FROM STADIA READINGS. 


Minutes. 
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This is a most generally useful stadia table for rods reading 
100 feet to the foot and with angles up to 30°. The values of 
other measures than those given in the table are obtained by 
multiplying the quantities under the proper vertical angle by 
stadia readings in hundreds of units. The quantity repre- 
senting the focal distance is very small and is given at the 
bottom of each page for focal lengths between ? and 1} feet 
and is represented as a constant equal to c, which corresponds 
with the second term in the right side of equations (6) and (7) 
(Art. 104). The direct use of the table involves a multiplica- 
tion for each result obtained. 

Example: Let rod intercept be 3.25 feet, and the angle 
of inclination be 5° 35’. Then the distance on the horizontal 
would be 


G =9325 feet. 


If we accept the focal distance f-+c as 1.25 feet, we 
have from the tables and by substituting in formulas (10) 
and (11) 


ad \==5 3. 25 tie eX O0.05 = aie eA =) 3 oT Satter 
and 
Wap 3iO8 fiee Xe) 1.08. Onl a3 kaart 


108. Determining Elevations by Stadia. — Table X, 
computed by Prof. R. S. Woodward, is one of the most 
convenient for determining differences of elevation from 
measures made with stadia. 

This table is computed from the formula 


A= a sin a cosin a aes keane) 


in which @ is the observed distance of the rod, a is the angle 
of elevation or depression, and % is the difference of eleva- 
tion. To use the table, look for the observed angle in the 
first column, and the distance in the upper line under ‘‘D”’; 
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the differences of elevation will be found at the intersection 
of the two columns. 

Example: Assuming the observed distance read directly 
from the stadia-rod as 360 feet and the angle 2° 4o’, we 
have from the table directly the result 


= 16.7 feet: 


109. Diagram for Reducing Stadia Measures.—Stadia 
measures may be reduced by a diagram more simply, though 
not with the same degree of accuracy, as by tables. The 
following diagram (Fig. ee: from Ira O. Baker’s ‘‘ Engineer’s 
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Fic. 78.—STADIA REDUCTION DIAGRAM. 
Surveying Instruments,’’ gives directly the corrections to 
horizontal distances in the upper horizontal line corresponding 
to the observed distances on the left-hand vertical line, and 
the angles indicated by diagonal intersecting lines. The 
right-hand vertical column of figures are differences of eleva- 
tion. These are found: by the intersection of the iincs of 
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horizontal distances indicated in the lower margin, with the 
diagonal lines corresponding to angles of elevation. 

Example: Let rod intercept be 3.60 feet, and the angle 
2° 40’; then it will be seen that the correction to the hori- 
zontal distance is too small to note on the diagram. The 
difference of elevation comes from the intersection of a 
vertical line between 300 and 400, and the right diagonal 
between 2° and 3°, and is approximately 16 to 18 feet. 

110. Diagram for Reducing Inclined Stadia Distances 
to Horizontal.—The following diagram (Fig. 79), prepared 
by Prof. Ira O. Baker, gives with some accuracy the correc- 
tion to the horizontal distance corresponding with any 
observed angle of inclination in the stadia-rod. The observed 
distance is indicated on the lower and right-hand marginal 
lines, the angle of inclination by the intersecting diagonal 
lines, and the correction to the horizontal distance, always 
minus, is given on the upper and left-hand marginal lines, _ 

Another though more complicated diagram for the same 
purpose is that illustrated in Fig. 80, designed by Mr. E. 
McCulloch and published in Engineering News. This diagram 
has a wide range and is well suited to the most detailed 
work, On the lower and left-hand outer margins are figured 
stadia readings in feet or meters, decimals of the same being 
interpolated on the inner margin on all four sides, where the 
angles of inclination are also indicated. Corrections to 
observed distances are found at the intersections of the ver- 
tical rod readings with the horizontal angle lines, or vice 
versa, the horizontal rod lines with the vertical angle lines, 
and by following out to the margins the diagonals at which 
these intersections occur; opposite the ends of the diagonals 
will be found the corrections in feet to the distances observed, 
such corrections being on all four outer margins. 

This correction is always to be subtracted from the dis- 
tance and is applied in the following manner: If the angle 
appears on the left margin, multiply the correction by 0.01; 
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if on the top margin, multiply the correction by 0.1; if on 
the bottom margin, multiply the correction by 1.0; and if on 
the right-hand margin, multiply the correction by Io. 
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Fic. 80.—DIAGRAM FOR REDUCING INCLINED STADIA DISTANCES TO HorI- 
ZONTAL. 


111. Effects of Refraction on Stadia Measurements.— 
Experiments by Mr. J. L. Van Ornum in his stadia-work 
showed that the disturbing effect of refraction increased 
enormously toward the ground, even if the foot of the rod 
were unobstructed. When no error in observation is made 
and the refraction remains constant from the time of the 
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foresight to the time of the backsight, the elevation of any 
point can be computed by the formula 


M=H+tUh+mtush), .. . (3) 


in which H = elevation of known station; 
i = height of instrument at that station; 
m = total vertical component of the foresight; 
Hl’ = elevation of the unknown station; 
hk’ =height of the instrument at the unknown 
station; and 
mn = the total vertical component of the backsight. 


The average error of closing in Mr. Van Ornum’s work 
before the adoption of this formula was more than _ half 
greater than after its use. 

The effect of differential refraction on the determination 
of stadia distances is well set forth in a paper on stadia 
measurements by Mr. Leonard S. Smith of the University 
of Wisconsin. In these experiments Mr. Smith ascertained 
that refraction is a variable quantity, dependent on variable 
temperature of air and ground, and that it is much greater 
near the ground than 3 feet above it; also greater at noon 
than before or after it; that the effects vary for different dis- 
tances and also for different observers. He called differentia: 
refraction that due to the different amount of refraction on 
the line of sight of the upper stadia-hair and that on the 
lower stadia-hair. He further found that the effects of 
refraction accumulated as distance increased. Twelve miles 
of stadia measurements with centers averaging 600 feet, in 
the morning and evening hours, showed an accuracy of plus 
I in 2685. The same distances measured by centers at 
midday showed an accuracy of minus I in 655. Again, 30 
miles of measurements made in the morning and evening 
hours with centers between one and two thousand feet 
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showed an accumulated error of but 1 in 1741, while the 
same distance, in midday, developed an accumulative error 
of I in 289. ; 

The practical results of these experiments may be taken 
chiefly as suggestions, and the most interesting deductions to 
be obtained therefrom are: 

1. To obtain accuracy in stadia-work it is best to obtain 
an interval error of the rod for the effect of refraction at 
_different hours of the day; and 

2. This correction for refraction may be made to readings 
for the hours corresponding to the refraction ascertained, or 
the stadia-rod may be graduated in proportion to the dis- 
tances of the various intercepts above the ground; this latter 
method is not recommended for its simplicity, however. 

It is evident that at midday long readings which require 
the lower stadia-wire to be lower than 3 feet from the bottom 
of the rod should not be taken. Where a rod interval is 
determined for correction of refraction, that interval which is 
determined for summer months or midday should not be used 
in colder months or winter, without testing by an independ- 
ent interval. Moreover, such interval should not be deter- 
mined for ordinary soil when the work is to be conducted 
over curbstones, in cities. 

To sum Mr. Smith’s results it may be stated that the 
time of greatest atmospheric vibration is about the middle of 
the forenoon, when the maximum difference in temperature 
occurs between atmosphere and ground; the stadia interval 
should be determined, not at any particular time of day, but 
at many hours during the day; and such interval for the 
hours should be selected as will approximate as closely as 
possible the average field conditions. Perhaps one of the 
simplest ways of applying the interval is not by dividing the 
rod unequally by incorporating the interval in the rod 
divisions, but by using a rod divided to standard lengths and 
computing distances by means of an interval factor. 
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112. Stadia-rods.—Several methods of dividing stadia- 
rods for very accurate work have been used, such as making 
special subdivisions of the rod to correspond with distances 
subtended between fixed hairs, or of dividing the rod irregu- 
larly so as to incorporate within the divisions a stadia interval 
which will correct the effects of refraction. The most 
approved practice is, however, to use rods of standard divi- 
ston and to prepare tables, or, better still, a rod interval 
factor to be applied to the observed distance as a correction. 
The following are some of the disadvantages of using other 
than standard rods: 

I. Subsequent tests for interval cannot be made without 
the expense of repainting and regraduating the rods; 

2. Rods specially divided cannot be interchanged among 
instruments; such rods cannot be used in leveling without 
computing the necessary correction; 

3. Leveling-rods cannot be used in stadia-work; and 

4. Observers with different personal equations cannot use 
the same rods without causing systematic errors in the work. 

Stadia-rods are of two general forms: 

1. Target; and 

2. Self-reading. 

The former is the only one which can be satisfactorily 
used in taking very long sights; the latter is most satisfactorily 
employed on short sights. Zarget-rods are similar to the 
simpler forms of leveling-rods, as the Philadelphia rod (Fig. 
96). Self-reading or speaking rods may be of the type of the 
Philadelphia rod, for short distances, but are more satisfac- 
torily made of flat boards 10 to 15 feet in length, 4 inches 
wide, and # to ¢ inch thick, of well-seasoned pine. These 
can be graduated by the topographer or by some painter after 
one of the numerous patterns which have been found satis- 
factory under various circumstances. Such forms of gradua- 
tion are better than the ordinary self-reading leveling-rods, 
because as a rule divisions on the latter are small and the 
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figures small and they are therefore difficult to read at long 
distances. As visibility is the first requisite in a good stadia- 
rod, the graduations should consist of a number of divisions 
so large and yet of such varying shapes as to make them 
readily distinguishable at long distances, the pattern being 
either painted or stenciled on the wood or else on canvas or 
paper which may be fastened to the rod with glue, varnish, 
or both. 

In Fig. 81 are shown two of the best- forms of rod 
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graduation for long sights. Rod (@) is well adapted to either 
metric or foot graduation, but in its use care must be exer- 
cised to accurately count the units, as these are not numbered, 
Rod (4) has the feet only numbered, but the figures are so 
large as to be readily legible at very considerable distances. 
The forms of the figures on rod (c) are such as to clearly 
define the tenths. 
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In Fig. 97 are shown patterns of speaking level-rods, and 
these are also well adapted to stadia-work at short distances. 
All are suited to either metric or foot graduation. Rod (a) 
is perhaps best suited to close, detailed work. Rod (é) has 
the clearest figures and is therefore best suited to longer dis- 
tances. Rod (c) has the advantage of having odd and even 
tenths figured on opposite sides of the center of the rod, with 
the order changed for units so as to bring their numberings 
nearer the rod center; moreover, the graduations are less 
liable to injury because they are in the center of the rod. 
For rough work at long distances a pole may be cut and 
white string or cloth tied around it at every foot to serve as 
graduation. 


CHAPTER "XII: 
ANGULAR TACHYMETRY. 


113. Angular Tachymetry with Transit or Theodolite. 
—The angular system of tachymetry has the advantages— 

1. Of enabling the survey to be made by the ordinary 
transit without the addition of stadia-wires; 

2, That there are no divisions of the rod to be read; and 

3. That, because of the ease and simplicity of the obser- 
vations, very long sights can be taken with a small telescope 
with great accuracy. 

The field-work by this method is nearly as rapid as that 
by any other form of tachymetry, as there are but two angles 
to be read, as against one angle and a rod reading with stadia 
method. The reduction of the work is less simple and more 
laborious than that by means of stadia measurements. ‘That 
this method is as accurate as the stadia method appears from 
experiments made by Messrs. Airy and Middleton in England. 
The former used a five-inch theodolite and an ordinary level- 
ing-rod 16 feet in length. He ran a circuit 14 miles in 
length, involving differences in elevation of 118 feet: the 
average length of stations was 341 feet, and the resulting 
probable error of distance was 3.64 feet in a mile, and of 
leveling 0.033 feet. The average closure error of four series 
of measurements was 2.84 feet. According to Mr. Middleton 
the limit of accuracy in this method is reached when the rod 
is held at a distance of 1000 feet, as determined from his 
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measurements, and the average error in one mile was found to 
be 6.15 feet. 
The accompanying diagram (Fig. 82) illustrates the method 


oes 
ee = 
ee Sears 


a ee 


~ 


fen Eh 


k--+-=-<e-----3$ 


Fic. 82.—ANGULAR TACHYMETRY. 


of angular tachymetry with a transit or theodolite. For 
simplicity the rod should be unmarked excepting for two or 
three broad lines painted at known distances apart, one near 
the bottom, one near the top, and one near the middle. These 
lines, if properly proportioned, can be seen at distances as 
great as a mile, and thus permit of tachymetric measurements 
of moderate accuracy for that distance. 

Let s = distance on the rod between two well-defined 

marks; 

h and h' = height of the lower marks above the 
ground ; 

Hf and H’ = height of the lower marks above line of 
collimation of instrument; 

e and e' = height of ground surface at foot of rod 
above base or ground surface at instru- 
ment; 

t= height of collimation of instrument above 
ground surface ; 

a = angle at instrument between horizon and lower 

mark; 

f = angle at instrument between horizon and upper 

mark ; 

dand @’ = horizontal distance from instrument to 
rods;—then 
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Transposing, we have 


d= 2 Se ws tans pee OS) 


~ tan 6 — tan a’ 


also 


Hd tan a. ee eee 
Substituting, we have 


stan @ 
a eA ME ane I 
tan 6 — tana ( 7) 


It is also seen from an inspection of the figure that 
approximately 


Freee: fey eee eA ee 


From these the height of the ground at observed stations 
can be reduced to sea-level by addition of the height of 
ground at instrument. The above computations are easily 
made with the aid of a tablé of natural functions (Tables XI 
and XII). AH and #’ must have their proper signs, and will 
result in giving the difference of level according as the new 
stations are above or below the position of the instrument. 
From the expression d// it may be shown that a small angu- 
lar error will affect the horizontal distance by nearly the 
same amount, whether the ground be level or steep, but will 
affect the vertical height very much more on steep than on 
level ground. It may be further shown that it is necessary 
to keep @ tolerably small and s as large as possible, especially | 
on steep ground. 

114. Measuring Distances with Gradienter.—The gradi- 
enter is used as a telemeter in measuring horizontal distances 
in two ways: first, by measuring the space on the rod passed 
over by the horizontal cross-hair for a given number of revo- 
lutions of the gradienter screw; second, by noticing the 
number of revolutions of the screw required to carry the hori- 
zontal cross-hair over a fixed space on the rod. Gradienter 
screws are so made that a single revolution may carry the 
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TABLE XI.—NATURAL SINES AND COSINES. 
(From the Smithsonian Tables.) 
NATURAL SINES, 
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TABLE XI.—NATURAL SINES AND COSINES. 
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TABLE XII.—NATURAL TANGENTS AND COTANGENTS. 
(From the Smithsonion Tables.) 
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hair over either one foot or two feet on the stadia-rod at a 
distance of 100 feet. Prof. Ira O. Baker gives the following 
formula for measuring the distance by means of gradienter 
used in either of the above ways: 


LOO! ate Ene fer Se vl x (TQ) 


in which Y = horizontal distance in feet between instrument 
and rod, and z = intercept on the rod for one revolution of 
the gradienter screw. . 

This fundamental equation corresponds closely with that 
for the stadia and applies to a rod held perpendicular to the 
line of sight. In working on slopes, however, the roé will 
for convenience be held vertically, when the line of sight will 
be inclined to the rod, and the formula for this case then 
becomes 


D400 cos asin @), « .~ 4 . (20) 


in which @ is the angle between the lower visual ray and the 
horizontal. The above gives the distance directly observed 
on the lower visual ray, and from it we derive 


MeAiOOlCos Ors Asia). fF)! 2't) 


For a constant intercept on the rod, the formula deduced 
by Prof. Baker is 
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in which S is the distance between the fixed targets and 7 = 
number of revolutions required to move the line of sight over 
the constant intercept at the distance D. The horizontal 
distance then becomes 
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115. Wagner-Fennel Tachymeter.—By means of an in- 
strument made in Germany and known by the above name, 
surveys to be completed on large scale and with great 
detail may be conducted more rapidly than with ordinary 
transit and stadia. There are two forms of this instrument, 
both of which are so arranged that the horizontal distance and 
absolute height of the point to be determined are read direct 
from the instrument after the simple pointing and some inter- 
mediate manipulation, without moving the telescope or mak- 
ing any computations. The first of these instruments (Fig. 
83) corresponds to a transit, and the second to an alidade. 
The latter called a tachygraphometer, for use with the plane- 
table, will probably be of service on large-scale surveys in which 
the elevations of numerous points are to be determined. 
With this instrument the positions and elevations of the 
points can be plotted on the plane-table in the field with 
great precision and facility and without the danger of omit- 
ting details of form. Both instruments are fully described 
and figured in Appendix 16, Report of U. S. Coast and Geo- 
detic Survey for 1891. 

The field observations with this class of instrument consist in 
determining, first, the distance on the slope, and then the hori- 
zontal and vertical angle without taking account as a separate 
observation of the space subtended on the rod from which 
the inclined distance is determined. From these data the 
azimuth of the desired point is determined, then the reduced 
distance and relative height from the point of observation. 
These operations are all mechanical and graphical, calling for 
no computations whatever. The manipulation of the instru- 
ment is simple and, with practice, rapid. It is adjusted ‘to 
the occupied station, and the height of the latter set upon 
the scale of heights. The determination of separate points is 
then proceeded with in the following order: 

The rodman sets his rod at the desired. point; the instru- 
mentman brings the middle wire upon the zero point of the 
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rod, reads the space on the rod intercepted by the distance- 
wires, and records in his note-book the corresponding inclined 


Fic. 83.—WAGNER-FENNEL THEODOLITE TACHYMETER. 


distance. --These he sets off upon the rule parallel to the line 
of sight, pressing the projection angle against the vernier of 
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heights, and from the latter reads the required height, and 
from the horizontal rule the reduced distance of the observed 
point. Lastly, the horizontal angle is read with the tachym- 
eter or the tachygeometer and plane-table. The first por- 
tion of the operations with the two instruments are the same, 
excepting that with the latter the horizontal projection of the 
observed point is pricked upon the drawing-paper in its cor- 
rect position by pressing a needle suitably arranged against 
the horizontal scale instead of recording the same in a note- 
book. These various operations take from one and a half to 
two minutes. This instrument can be used satisfactorily for 
distances of a thousand feet, making the central base of the 
instrument two thousand feet. 

116. Range-finding.—Range-finders are instruments which 
are primarily intended for military use in determining the dis- 
tances or ranges of objects asan aid to directing artillery fire. 
There are many forms of this instrument, some of which are 
exceedingly large and elaborate and are fixed permanently, 
as those employed on seacoast fortifications. Of the smaller 
and more portable forms used with light horse-batteries, that 
known as the Weldon range-finder, from its inventor, has 
given the most satisfactory results in actual practice. 

Range-finding may also be done with the plane-table, on 
the same scale when this is sufficiently large; on a provision- 
ally large scale when the scale of the map is small. The light 
plane-table as a traverse or triangulation instrument, in con- 
nection with its use as a range-finder for distances, and with 
a vertical-angle sight-alidade for elevations, furnishes a most 
satisfactory tachymeter, both for filling in details on large- 
scale maps, and for carrying on rough geographic or explora- 
tory surveys. 

The range-finder furnishes a satisfactory rough telemetric 
method of obtaining a fairly accurate measure of inaccessible 
distances. Pacing or time-sketching may be depended upon 
where the surveyor may travel, but over rough country or for 
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devermining the positions of points on either side of a traversed 
route the range-finder is unequalled except by intersection 
methods, and the latter can only be employed where the in- 
strument may be set up and angles taken by which to obtain 
intersections. The range-finder is most useful in military 
sketching and in route surveying. The more important ad- 
vantages which it has are in enabling the surveyor to fix the 
position of a number of points which lie within the limits of 
his vision from one point. In ordinary surveying, to measure 
the distance of an object 5000 feet or more away with any 
degree of accuracy by intersections would require a base of 
at least 2000 feet in length or, better still, according to theo- 
retical methods, 5000 feet in length; yet with the range- 
finder the same distance can be measured with comparative 
accuracy from a base but 100 feet in length. 

117. Surveying with Range-finder.—The range-finder 
can be most successfully used in three ways. First, in geo- 
“ graphic or topographic surveying, while occupying a plane- 
table or triangulation station the position of which is known, 
and which is surrounded by a few locations. The remainder 
of the country can be sketched by J/ocating with the range- 
finder numerous minor points which will so control the 
sketching as to permit of a greater amount being done from 
one station than could be accomplished by other methods. 
Even in comparatively detailed topographic work the range- 
finder may be thus used in place of the stadia, for with the 
latter rodmen would have to be sent to the points the posi- 
tions of which are to be determined, while with the range- 
finder it is but necessary to obtain a definite object to which 
to sight. 

The second method of using the range-finder is in traverse 
or route surveying, where the positions of points on either 
side of the route can be determined by the range-finder more 
rapidly than by setting up an intersection instrument, and 
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the country thus controlled by points ranged on either side 
can be rapidly sketched in. 

The third method of using the range-finder is by employ- 
ing it to measure distances along the route traversed when 
the latter is especially irregular or winding. Thus the trav- 
eled route may be measured by ordinary means only by 
going over the ground along which the line of sight is taken; 
but with the range-finder, as with the stadia or other tele- 
metric instrument, though the road twist and turn and wind 
about in a ravine, canyon, or over tortuous country, it’ is 
unnecessary to measure the route traveled. It suffices’ to 
range-in some object in the line of travel and plat the same, 
when the surveyor may pursue any route he chooses to reach 
that object without the necessity of measuring the distance 
as he progresses, the same having already been obtained by 
the range-finder. 

The extreme adaptability of the range-finder may be 
realized when it is known that a base can be accurately meas- 
ured between two points selected as convenient stations for 
its use without taking into consideration the irregularities of 
the ground between them. In other words, it is not neces- 
sary to directly measure by pacing or taping the base used 
with the range-finder, but it is perfectly feasible to take the 
platted distance between two inaccessible points, as deter- 
mined by a good range-finder, from a’third point whence the 
two in question are both visible. 

118. Traversing with Range-finder.—The most satis- 
factory nethod of using the range-finder in traversing or route- 
surveying is that described by Captain Willoughby Verner, 
in which he used a combination of range-finder, compass, and 
intersection which enabled him to sketch a considerable dis- 
tance to either side of the route traversed. The directions 
were taken with a cavalry sketch-board (Art. 64) mounted on 
a tripod, and distances were observed with the range-finder. 
At the starting-point (Fig. 84) a round of directions were 
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Fic, 84. RECONNAISSANCE SKETCH-MAP WITH CAVALRY-BOARD AND RANGE- 
FINDER, After Capt. Willoughby Verner. 
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drawn on the board, and the ranges of a number of the more 
prominent objects were taken with the range-finder and their 
positions marked on the sketch. He then rode rapidly to 
high ground 3175 yards distant, the direction and range of 
which had been plotted from the first point. Arrived there, 
the first thing was to find a conspicuous point in the direction 
to be traveled, which was again ranged in and plotted on the 
board, its distance being 1980 yards. 

The board being mounted ona tripod and oriented by the 
needle, zztersections were taken on a number of points pre- 
viously indicated by direction lines, while new direction lines 
were plotted to various objects, a few of which were again 
ranged-in, and this process was continued. Its chief advan- 
tages were that the surveyor was able to ride rapidly over the 
ground, along the most accessible route, from one point to 
another, and to locate a number of points in every direction, 
some by intersection, others by ranging. Sometimes the 
range in the direction of the route of travel is obstructed by 
trees or other objects; when it is possible to sight in that di- 
rection on the sketch-board, measure the distance by pacing 
or otherwise until the obstacle is passed, and then resume the 
range-finding. . 

119. Weldon Range-finder.—This instrument consists of 
three prisms accurately ground to the following angles: first, 
90 degrees; second, 88 degrees 51 minutes 15 seconds; 
third, 74 degrees 15 minutes 53 seconds. The distance or 
range of an object, O (Fig. 85), from an observer is obtained 
by observing the angles OAD and OBA at the base of a 
right-angled triangle, dO, the measured base, AB, of which 
bears the ratio I to 50 of the distance or range AO when the 
first or g0-degree prism and the second or 88-degree prism 
are used at either end of the base. A more accurate deter- 
mination of the range may be obtained by use of the second 
prism only when the measured base is 1: 25 of the distance or 
range AO (Fig. 86), in which case the angles of an isosceles 
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triangle at d&O and ACO at either end of the fixed base are 
measured. Finally, the Weldon range-finder may be used for 
measuring rapidly a base AZ or BC by using the third prism 


0 [e) 


Fic. 85.—RANGE-FINDING WITH Fic. 86.—RANGE-FINDING WITH- 
A DIRECTION-POINT D. ouT DIRECTION-POINT. 


of 74-++ degrees (Fig. 87), but this is merely as a convenience 
and not asa necessity except under very unusual circumstances. 

In taking a range choose a good direction-point, D, 
(Fig. 85), or else put in a ranging rod at D, making its reflec- 
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tion coincide with the object by means of the 90° prism; then, 
using the 38°-++ prism, retire along the line AZ, leaving a mark 
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at A to keep yourself in line, and when the 88° + prism shows 

a coincidence of D with O, B is reached. ABS is then meas- 

ured either by pacing or, more accurately, by the tape, and 
multiplied by 50, the product being the range of O from 4. 

The Weldon range-finder is manufactured in two forms: I, 

as a small watch-shaped affair about 2 inches in diameter; and, 

2,in a semi-cylindrical case about 14 by 2$ 

(= inches. (Fig. 88.) The latter, which is the 


iin Hl most serviceable of the two, has the three 
| prisms arranged one above the other, and is 
Wl used by holding it directly in front of the eye, 


grasping the projecting case as a handle, and 


= = 


with the first or 90° prism uppermost. The 
90 Pp PP 


apex of this prism is then held in a direct 


line or range with one of the objects sighted, 
and is superimposed over the edge of the 
¥| metal back. This object is then looked at by 
ff direct vision through the open space above or 
| below the prism, and is viewed simultaneously 
| with the second object reflected at right angles 
Sale in the prism. 
ae 88.—WELDON The reflected object appears directly above 
ANGE-FINDER,. 

or below that seen by direct vision, and forms 
with the eye of the observer the angle to which the prism is 
cut. Considerable practice is required to readily determine in 
the prism the reflected object, but by holding the instrument 
quite close to the eye a large field is obtained and a slight 
movement of the head to either side is all that is required to 
bring afresh field into view. When the reflected image has 
been obtained it can be made to move up or down by slightly 
tilting the instrument so as to make the reflection coincide 
with the object selected in front of the observer for direct 
viewing. In order to get a correct angle the object should 
be kept upright and the reflected horizon as level as it is in 
nature, since any inclination affects the angle. 
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If in range-finding a good natural direction-point cannot 
be found, a flag or other mark may be placed to get a direc- 
tion-point, and its distance from the observer is dependent on 
the distance of the object the range of which is required. 
Thus for a range of 3000 feet the direction-point may be 150 
feet away, but for a mile to two miles the marker should 
certainly not be nearer than 200 to 300 feet. In fact, the 
further the direction-point from the observer the more accu- 
rate is the measurement of the range, other conditions being 
equal. If an assistant accompanies the observer, he may be 
used as a direction-point, when very little time will-be lost 
in finding one for a long range. 

120. Accuracy and Difficulties of Range-finding.—The 
accuracy obtained with the Weldon range-finder is remarkable 
considering its crudity as a surveying instrument. In tests 
for accuracy made at the Infantry and Cavalry School at Fort 
Leavenworth, Kansas, distances of 2000 and 3500 feet were 
determined within 2.5% error in every case, and an average 
for a Jarge number of observations and for distances of 2000 
to 12,000 feet, measured by enlisted soldiers unaccustomed 
to the use of the instrument, was 2.43%. 

The chief difficulty in the use of the tustrument is one in- 
herent in any prismatic instrument; namely, that the object 
the range of which is desired is often hidden from the further 
end of the base by an intervening tree, knoll, or other obsta- 
cle, so that, except under very favorable circumstances, several 
trials are necessary in order to get a range, whereas this even 
is sometimes impossible. Other objections to this apparently 
simple process are the difficulty of obtaining a definite mark 
at right angles to the object of reflection when employing 
the base of 1:50, and the difficulty of always finding ground 
suitable for the measurement of a base as regards view, gen- 
eral configuration, and space. Again, considerable practice ts 
necessary in order to obtain reliable results every time, and to 
attain facility in the selection of suitable range-points. And 
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finally there is the difficulty, soon overcome with practice, of 
learning to recognize the reflected image, and of producing 
the coincidence of this and the direct view of the range-point. 

121. Range-finding with Plane-table.—Range-finding 
may be performed with a plane-table as satisfactorily as with 
the prismatic range-finder for all the purposes of ordinary 
surveys. The plane-table would, of course, not serve as a 
satisfactory range-finder for military purposes, because it 
offers too large a mark and is not sufficiently portable for 
ordinary military reconnaissance. 

While the plane-table may be satisfactorily employed as a 
range-finder in cases of map-making similar to that described 
in Article 118, its especial adaptability appears 
to be in connection with the determination of 
positions and elevations of unimportant points 
near the route of travel of the topographer 


who is sketching small-scale maps—assuming 

the topographer to be traveling over a road 

previously traversed and adjusted, and sketch- 
$ ing in the topography on either side (Arts. 13 
/ and 17), and that he finds a point C (Fig. 89), 
either a house in a field a mile or less distant, 
or a summit which has not been previously 
located, and the position and elevation of which 
are essential in order that he may properly 
sketch his surroundings. 

Let him set up his plane-table at a; then 
orienting by a backsight down the road, if a 
sufficiently long and straight one can be had, 
or by some point a already located and visible 
@b from the position a, draw a line in the direction 


Fic. 89. of C. Now sighting in the direction 4, whence 

RANGE-FINDING Ce 
WITH PLANE- 

TABLE. and measure off the base with a tape, or by 


carefully pacing ad say 100 feet. This should then be platted 


an also be seen, let him draw the line aé 
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on the plane-table on a scale ten times as great as the scale 
of his map. Now removing his plane-table to 4 and orienting 
on a, let him draw a direction line to C which willggpproxi- 
mately locate it by its intersection with the line froma. The 
angle is necessarily so acute that the actual position of C is 
indefinite, but the distance aC may be scaled off, and this 
divided by 10 will reduce it to the scale of the map. Platted 
on the line aC, it will give the location C” so closely, because 
of the great reduction in scale, as to fix the position of the 
point well within the map scale. 

The chief precautions to be taken in this mode of location 
are that the base aé shall not be too small, a ratio of 1 to 25 
being a very good one and I to 50 less satisfactory. Accord- 
ingly, with a measured distance aé of 100 feet, a point 2500 
feet distant could be quite accurately platted to a scale 10 
times as great as that of the map. The topographer must take 
especial care in range-finding by this method to set his instru- 
ment exactly over the points a and @ in order that his orienta- 
tion may be accurate. Point @ on the plane-table board must 
be plumbed over a stake or other mark, and 4 likewise must be 
plumbed over the mark sighted at; moreover the backsight 
from &to a must be exactly at the mark a. 
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CHAP DE Reeve 
PHOTOGRAPHIC SURVEYING. 


122. Photo-surveying.—The camera has recently come 
into limited favor as a topographic surveying instrument. 
Its first extended use was in Italy, where it was employed 
chiefly in making perspective views of buildings for the pur- 
pose of constructing therefrom their elevations and ground- 
plans, for architectural and military purposes, and this form 
of photo-surveying has been styled photogrammetry. Asa 
result the word photo-topography has been recently adopted 
as applying to the survey of the terrane by means of the 
camera. Photo-surveying methods have been employed to 
a minor extent in India, France and Italy, and almost ex- 
clusively in the Dominion of Canada, in the making of 
topographic surveys. 

123. Photo-surveying and Plane-table Surveying Com- 
pared.—A careful study of the method and results of pho- 
tographic surveying leads to the following conclusions: 

Photo-surveying consists ultimately in constructing a topo- 
graphic map in office from photographs of the terrane in 
conjunction with angular measures taken by the camera. 
Necessarily the draftsman who does not see the country 
cannot make as detailed and accurate a map of it from 
photographs as the topographer could make while viewing 
the country itself from which the photograph had been 
made. It seems, therefore, fair to assert that a map made 
from photographs and constructed in the office on a drawing- 
board, much on the same principle as a map is made on a 
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plane-table board in the field, is less accurate and less satis: 
factory than the latter. 

On the other hand, the use of the p/ane-table requires the 
expenditure of some time in the field in constructing the 
map, while the expenses of a large party organization are 
running on. Considerable outlay is saved in photo-surveying 
by drafting the map in office at the expense of only the indi- 
vidual draftsman; moreover, under advantageous conditions 
of light, photo-surveying field operations can be conducted 
more rapidly than plane-table surveys. 

Finally, photo-surveying methods can be employed only 
in mapping a limited class of topographic forms, such as bold 
and open mountainous country, and then only on generalized 
geographic scales. For in highly eroded and detailed topog- 
raphy it would be necessary to occupy a multitude of camera 
stations that all the forms might be recorded in photographs. 
In wooded regions, and on plains or plateaus it is impossible 
to use photo-surveying methods. With the plane-table it 
is possible to supplement the facts mapped from the occupied 
stations by any amount of traverse surveying. 

The ultimate conclusion is that a fair map can be made by 
photo-topographic methods, under favorable conditions, more 
rapidly in the field and at less cost than a good map can be 
made on the same scale by plane-table methods. On the 
other hand, where it is desirable to make a first-class topo- 
graphic map on a given scale, the best results will be obtained 
with the plane-table under most conditions of atmosphere. 
For it must be borne in mind that when surveying by 
trigonometric methods, where the topographer leaves camp 
and ascends a mountain to make a plane-table station or 
photographic. station, he will under ordinary circumstances 
succeed in'making but one or two stations at most ina day, 
where the scale is of geographic proportions. 

In the average atmospheric conditions met with in the 
United States the topographer will therefore accomplish’ ’as 
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much in a day with the plane-table as with the camera, while 
the resulting map will be decidedly superior. Again, under 
such atmospheric conditions as exist in western British 
America and in Alaska, where the higher summits are covered 
with cloud and mist during the greater portion of the day or 
for several days, and when the occasional glimpses that may 
be had of surrounding country are accompanied by a clear 
and bright sunshine, the topography can be procured by 
photo-topographic methods, completing in an hour of clear 
weather the work necessary to be done at one station, which 
would require the better part of a day by plane-table 
methods. Therefore it is probable that photo-topographic 
methods are cheaper and more rapid than plane-table methods 
and furnish a much more practicable and economic mode of 
making geographic surveys under such conditions. Mr. E. 
Deville, Surveyor-General of Canada, estimates the cost of 
plane-table surveying in western British America, as com- 
pared with photo-topographic surveying, as 3 to I. 

124. Principles of Photo-topography.—The practice of 
photo-topography requires a thorough knowledge of descrip- 
tive geometry and perspective. The camera is specially 
prepared, resting on a horizontal plate divided like the circle 
of a transit instrument and read with verniers, and having 
attached to its side or on top a small telescope, with vertical 
arc for the measurement of angles. There are a vertical 
and a horizontal cross-hair in the focal plane of the camera, 
and it is fitted with a magnetic needle inside of the box, 
and a scale, so placed that, when the exposure is made, 
the magnetic declination, the scale, as well as the intersec- 
tion of the cross-hairs, are all photographed on the plate 
containing the view (Fig. 91). If the instrument has been 
carefully leveled, the horizontal cross-hair becomes the hori- 
zon line, and the vertical cross-hair the center zero line, to 
which angular measures are referred in the office computa- 
tions. A group of views are taken at each station, abutting 
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one against the other, and the angular distance between each 
is noted by the reading of the horizontal plate of the camera, 
horizontal angles being also read by a small theodolite or by 
the camera to the more prominent peaks. 

The objects represented in perspective are of an irregular 
shape and at various distances from the camera. If the 
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picture or image of the object is a true perspective in a 
plane, it is possible to construct therefrom a geometric pro- 
jection of the object in a plane at right angles to the picture 
plane. This, providing the distance and the relative position 
of the point of view be known with reference to the picture 
plane, and providing views have been taken from a sufficient 
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number of stations to surround the irregularly formed objects 
viewed. Photo-topography is, therefore, the art of recon- 
structing geometrically horizontal projections from perspec- 
tive views. The process of this reconstruction consists in 
platting the skeleton triangulation as obtained by angular 
measures with theodolite or the horizontal circle of the 
camera. The photo-topographic survey should be preferably 
preceded by a primary triangulation. Then, with several 
stations platted, the view from each of them of a given portion 
of the terrane may be projected on the plane of the map, and 
intersections be platted for each salient point seen in perspec- 
tive. 

125. Camera and Plates.—There are a number of forms 
of photo-topographic cameras, among the more ‘complete 
and satisfactory of which are those employed by the Cana- 
dian Topographic Survey, the Italian instruments, and the 
Bridges-Lee (Fig. 91) instruments. The apparatus is packed 
in several small cases for easy transportation in the most 
inaccessible country, the tripod, camera, and plates making 
separate packages. The eguzpment of a photo-topographic 
party in the Canadian surveys consists of a transit theodolite 
and two cameras. These cameras are rectangular boxes of 
metal, open at one end and provided in addition to the lens 
with two sets of cross-levels, read through openings in the 
outer mahogany box; the plate-holders are made for single 
plates and are inserted in a frame which can be moved for- 
wards and backwards by means of adjusting-screws. The 
camera rests on a triangular base with leveling foot-screws, 
similar to those of the transit instrument, so that both may 
be used on the same tripod. 

The surveyor first adjusts the transit and measures the 
azimuths and vertical angles to triangulation points and to 
the camera stations, recording the same. The camera is then 
mounted on the tripod, leveled, and the plate-holder inserted, 
and its number is noted, as is also the approximate direction 
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of the view by means of lines drawn on the outer case of the 
camera-box; the topographer then revolves the box until these 
lines show that the camera is properly pointed. Then, by 
looking at the lines on the side of the camera-box, he notes 
whether the view is in the correct vertical plane. Exposure is 
then made, and the camera sighted for the next view. 

126. Field-work of a Photo-topographic Survey. -— In 
the field-work of a photo-topographic survey the primary 
triangulation is first executed by ordinary methods, and 
secondary triangulation is executed during the progress of 
the photo-topographic survey. The object of the secondary 
triangulation being to fix the camera stations, the summits 
located in the secondary triangulation are selected for this 
purpose only, all topographic details of the plat being drawn 
from the photographs made at the camera stations. The 
positions of the camera stations may be fixed either by angles 
from them or by angles from primary triangulation points or 
both, and as it is easier and more accurate to plat the camera 
stations by means of angles taken from the primary triangu- 
lation points, the camera stations should, if possible, be 
occupied before the triangulation summits. 

In selecting camera stations it must be borne in mind that 
views taken from a great altitude and overlooking a large 
expanse of country are desirable chiefly as aids in the expan- 
sion of the triangulation, while those taken from low altitudes 
are of the greatest service in drawing in details of topography, 
especially in valleys and lowlands. Difficulty is frequently 
experienced in obtaining two views which will furnish inter- 
sections over a certain portion of the terrane, in which case 
in very rugged country the method of vertical intersection 
may be employed, views being taken from different altitudes. 
Such a process can of necessity be employed only when the 
differences in elevation are great and the points to be deter- 
mined not distant. 

The greatest difficulties in photo-topography are encoun- 
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tered in bad lights, which must necessarily be met in making 
panoramic views; for while the camera will have the lights in 
the right direction for viewing one way, in taking views in 
the opposite direction the lights will be unfavorable (Art. 
389). Moreover, views taken of the same object or por- 
tions of the terrane at different times of the day have the 
shades cast in different manners, so that it becomes difficult 
to identify the topographic detail or even salient points. If 
the number of photographs taken is large enough to cover 
the ground completely, the identificaion of points even under 
different lighting offers no serious obstacle. 

In making exposures two or three points in each view 
must be observed with the altazimuth on the camera or with 
a theodolite, so as to obtain horizontal and vertical angles 
between them, and this aids in the orientation of the view and 
in platting and computing the details of the map. It is 
desirable in conducting such surveys to establish a small field 
laboratory at a central point to which the camera and plates 
may be taken for the purpose of development, changes of 
plates, etc. (Chap. XLI.) In making field surveys an out- 
line sketch of the terrane should be made in a note-book, on 
which memoranda must be made of names, roads, paths, 
buildings, and other information essential to the map. 

127. Projecting the Photographic Map.—Two drawing- 
boards are covered with paper, one of which is used as a con- 
structing board, on which the graphical determination of the 
points is made, and the other is used for the final drawing of 
the topographic map. On both are projected the trigono- 
metric points which are platted by means of their coordi- 
nates. The camera stations are platted on the board either 
by coordinates or by means of the protractor. The inter- 
mediate points are then projected by searching for well-defined 
points coming on two or more negatives, selecting such as 
seem most useful as guides for the drawing of the contours, 
and tracing the trend of mountain ranges, streams, etc. 
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Assuming that ten views have been taken panoramically 
from one station, then the ortzontal projection of the ten 
plates exposed from such a station forms a decagon (Fig. 92), 
with a radius of inscribed circle equal to the principal focal 
length of the camera. After the position of one of these 
panoramic views has been found on the map by platting the 
angle from the occupied station to some located point, the 
orientation of the other point is accomplished by adding one 
tenth of 360° to this angle, and thus the entire decagon can 
be platted with reference to the occupied station and the 
orienting triangulation point. When this orientation of the 
horizontal plan is accomplished, the direction lines are drawn 
from the platted camera station to points photographed in the 
camera. The following example taken from the U. S. Coast 
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Survey report for 1893, by A. J. Flemer, further describes 
the process: 

Let wm'nn'’ (Fig. 93) represent a vertical and oriented 
perspective view, and OO’ be the line of the horizon of the 
plate, V the point of view, and @ the angle of orientation of 
the plate in reference to a secondary point d. Now, VP=/ 
is the principal focal length, and if a is the representation on 
the plate of a point A in nature, and a vertical aa’ has been 


302 LOMO G eA AL Cm SOR AL eLVG 


drawn on the plate through it to the horizon line, then Pa’ 
will be the abscissa of the point a. From the rectangular 
triangle VPa’ we have then 
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In order to draw the horizontal position of the ray from V 
to A, the distance p’a’, equal to +, is laid off upon the hori- 
zon line OO’ from P’. This distance + is taken from the 
picture by means of a pair of dividers. The position of the 
point A’ will be in the intersection of two or more lines of 
direction obtained in a similar manner from other pictures. 
containing @ and taken from other stations, and the same 
applies to ali other points of the terrane if they can be 
identified upon plates taken from different panoramic stations. 
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The elevations of points on the terrane are determined, 
after the selected points have been platted in horizontal plan 
as above, in the following manner: 

If the elevation of the camera station V is known, the 
elevation of the horizon line on the plate, #, can be obtained 
by adding the height of the instrument to the elevation of 
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the station 7. The elevations of all points on the plates which 
are bisected by the horizontal line have the same elevation as 
the horizontal axis of the instrument at the station, dis- 
regarding curvature and refraction. The elevations of other 
secondary points selected from the plates are obtained by 
determining their elevations above or below the horizon line. 
From the relations of similar triangles we have 
Dy 
ha, Me \ ie) 


in which / is the difference of elevation between the occupied 
station and the point observed, D the horizontal distance to 
the observed station A from the occupied station VY, and @ 
the horizontal distance of the same on the picture, y being 
the ordinate of points. From the rectangular triangle VPa’ 
we find d= f sec w, when 

10%; 

h er <2 ks Oo Es, ede (26) 
The differences of elevation taken from the perspective are 
positive or negative according to the relative positions of 
their points in respect to the horizon. 

The computations and office platting connected with 
photo-topographic surveying are long and tedious operations, 
‘one day’s work in the freld frequently requiring from four to 
eight days’ office work for the accomplishment of the platting 
of the map. In Fig. 94 is shown the mode of constructing 
of a portion of the map of the Canadian Survey. This was 
made from four camera stations, the view from one of which 
is shown in Fig. go. 
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128. Hypsometry.—Hypsometry is that branch of sur- 
veying which treats of the determination of absolute heights 
or relative elevations. Mean sea level is the usual plane of 
reference from which such heights are determined, though 
not infrequently other arbitrary base levels are assumed for 
special purposes. There are three principal hypsometric 
methods, noted here in their order of accuracy, viz.: 

1. By spirit-level; 

2. By trigonometric or angular measurement; and 

3. By barometer or atmospheric pressure. 

Barometric leveling may be performed whenever the 
station the height of which is to be determined can be 
occupied; trigonometric leveling can be prosecuted when one 
or both of the stations is inaccessible; and spirit-leveling, only 
when both stations are accessible and visible one from the 
other. 

Hypsometry, or leveling, is the determination of the rela- 
tive elevations or heights above sea level of points upon the 
earth’s surface, and may be further classed as direct and 
indirect. Dzrect leveling is performed by the spirit-level and 
consists of the prolongation of a level line and the determina- 
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tion by actual measurement, on a vertical rod, of heights 
above or below this line. /zdirect leveling is the determina- 
tion of heights by caiculation from measured angles and 
distances or by barometric methods. 

Two points are said to be upon the same level when they 
are equidistant from the earth’s center. <A J/evel /ine is ata 
uniform distance from the equal potential surface, and, owing 
to the figure of the earth, the difference between the polar and 
equatorial levels is 13 miles vertical. A level line is not a 
horizontal line, for the latter is a straight line parallel to a 
tangent of the earth’s circumference, whereas a level line is a 
curved line, because it is parallel to the curvature of the sea. 
But for all ordinary purposes a level line and a horizontal 
line are synonymous even for leveling operations conducted 
over such great distances as to be affected by the curvature 
of the earth. A level surface may also be defined as one 
which is everywhere perpendicular to the direction of gravity 
as indicated by a plumb-line; and the spirit-level, like the 
plummet, is a device for utilizing the law of gravity to estab 
lish a horizontal or perpendicular line. 

129. Spirit-leveling.—The operation of spirit-leveling is 
the most accurate of hypsometric methods, because it is the 
simplest and most direct and is subject to the fewest sources 
of error in measurement or instrument. It is not dependent 
upon the exact measurement of horizontal distances nor of 
angles, nor is it affected by atmospheric changes. It is 
practically subject only to errors of instrument and level- 
bubble and of the staff or rod by which the vertical heights 
are measured. 

Spirit-leveling may for convenience be divided into three 
general classes: 

1. Ordinary or engineering spirit-leveling; 

2. Precise spirit-leveling; and 

3. Trigonometric or, as it is sometimes called, geodesic 
spirit leveling. 
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The first two of these methods of spirit-leveling are essen- 
tially similar, differing chiefly in the care taken in the 
conduct of the work, and in the elimination or correction of 
instrument errors. In engineering spirit-leveling it is assumed 
that the adjustments of the instrument eliminate instrument 
errors, and no attempt is therefore made to correct these: 
moreover, the work is conducted with but moderate care, 
both in the quality of the instrument and rods employed, the 
turning-points upon which these rest, and in the various 
other phases of the operation of leveling. 

Precise spirit-leveling is conducted with finer instruments 
and rods and with all the care which it is possible to exercise 
in every detail of the work, especially in the elimination of 
the errors of instrument in the process of leveling. Account 
may or may not be taken of instrumental errors, and correc- 
tion may or may not be made for them, though with proper 
precautions to eliminate these more accurate results can be 
obtained than by attempting their correction, since the 
method of determining and cornpensating for such corrections 
involves other operations which may introduce counterbalanc- 
ing errors. 

Geodesic spirit-leveling accepts the instruments as in- 
accurate, and corrections are made for the instrumental 
inaccuracies by determining the instrument constants and 
applying them. Moreover, the operation is a combination 
of direct and indirect leveling, because, in addition to pro- 
longing the horizontal line as determined from the level- 
bubble, a slight angular measurement, calling for a correction 
to height dependent upon the distance, is introduced in each 
sight. This is done by making the instrument approximately 
level and reading the rods, then by making it truly level by 
a milled-head micrometer leveling-screw; the angular dis- 
tance through which the telescope is moved in the perform- 
ance of this operation, as recorded on the micrometer, is 
multiplied into the distance between the instrument and rod, 
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and the resulting difference in height is a correction to the 
height directly measured by the instrument used as a spirit- 
level. 

130. Engineering Spirit-levels. — There are several 
methods of leveling according to the sequence of rod and 
instrument. In ordinary spirit-leveling the practice is to use 
one rod, to read a backsight upon it, then have the rod 
moved forward and observe a foresight upon it. The same 
methods may be employed, but with greater rapidity, by 
having two rodmen, so that immediately after the backsight 
is read on the rear rod this may be moved sufficiently in 
advance for the second foresight while the instrumentman is 
reading a foresight on the front rod (Art. 144). In addition 
to increasing the speed, this method gives a slight increase 
in the accuracy because of the rapidity with which the back- 
sight and foresight can be read, thus avoiding a possible 
settlement in the instrument between the two, but for ordi- 
nary purposes this method is too expensive. In addition to 
these two single leveling methods, duplicate leveling may 
be done with one rod or with two rods and one instrument 
(Arts. 143 and 144), and these methods are those commonly 
employed in precise leveling. 

A description of the engineer's spirit-level (Fig. 95) is 
superfluous in a work of this sort. The best results are pro- 
cured by using any good make of instrument of 18 to 20 
inches length. It must have a stout tripod, good glasses, 
and bubble graduated preferably to 10 seconds of arc. The 
ordinary bubble graduated to 20 seconds (Art. 147) increases 
the speed but slightly and is not nearly so accurate. 

131. Adjustments of the Level. — Before any of the 
adjustments of the level can be properly undertaken, the 
cross-wires must be focused by pointing them on an object 
and moving the diaphragm until a strong definition of them 
is obtained. The ordinary adjustments of the Y level are: 

1. The adjustment of the line of collimation, by which 
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the cross-hairs are brought into optical axis, so that their 
point of intersection remains on a fixed point during an entire 
revolution of the telescope on its wyes; 
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2. The level-bubble must be brought parallel to the bear- 
ings of the wyes, that is, to the longitudinal axis of the 
telescope; and 
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3. The wyes must be adjusted, that is, the bubble 
brought into position at right angles with the vertical axis of 
the instrument. 

To adjust the line of collimation, make the vertical cross- 
hair tangent to any vertical profile, as a wall, and then turn 
the telescope half-way round in its wyes. If the vertical 
cross-hair is still tangent to the edge selected, it is collimated. 
Select some horizontal line, and cause the horizontal cross- 
hair to be brought tangent to it. Again rotate the telescope 
half-way round in its wyes, and if the horizontal cross-hair is 
still tangent to the edge selected, it is collimated. 

Having adjusted the two wires separately in this manner, 
select some well-defined point which the cross-hairs are made 
to bisect. Now rotate the telescope half-way round in its 
wyes. If the point is still bisected, the telescope is colli- 
mated. A very excellent mark to use is the intersection of 
the cross-hairs of a transit instrument. 

To adjust the level-bubble, bring the level-bar over two of 
the leveling-screws, focus the telescope upon some object 
about 300 feet distant, and put on the sunshade. Clamp the 
spindle, throw open the two arms which hold the telescope 
down in its wyes, and carefully level the instrument over the 
two level-screws parallel to the telescope. Lift the telescope 
out of its wyes, turn it end for end, and carefully replace it. 
If the level-tube is adjusted, the level will indicate the same 
reading as before. If it does not, correct half the deviation 
by the two leveling-screws and the remainder by moving the 
level-tube vertically by means of the two cylinder-nuts which 
secure the level-tube to the telescope-tube at its eye-piece 
end. Loosen the upper nut with an adjusting-pin, and 
then raise or lower the lower nut as the case requires, and 
finally clamp that end of the level-tube by bringing home the 
upper nut. Repeat until the adjustment is perfect. 

To make the /evel-tube parallel to the axis of the telescope, 
rotate the telescope about 20° in its wyes, and note whether 
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the level-bubble has the same reading as when the bubble 
was under the telescope. If it has, this adjustment is made. 
If it has not the same reading, move the end of the level- 
tube nearest the object-glass in a horizontal direction, when 
the telescope is in its proper position, by means of the two 
small capstan-headed screws which secure that end of the 
level to the telescope-tube. 

To make the J/evel-bar parallel to the axis of the /evel- 
tube, level the instrument carefully over two of its leveling- 
screws, the other two being set as nearly level as may be; 
turn the instrument 180° in azimuth, and if the level indi- 
cates the same inclination, the level-bar is adjusted. If the 
level-bubble indicates a change of inclination of the telescope 
in turning 180°, correct half the amount of the change by 
the two level-screws, and the remainder by the two capstan- 
headed nuts at the end of the level-bar which is to the engi- 
neer’s left hand when he can read the maker’s name. Turn 
both nuts in the same direction an equal part of a revolution, 
starting that nut first which is in the direction of the desired 
movement of the level-bar. 

132. Target Leveling-rods.—Leveling-rods are of two 
general types: 

1. Target-rods; and 

2. Speaking or self-reading rods. 

These, again, may be extensible or of one piece. The 
three more usual types of target-rods are made in two pieces, 
one of which slides on the other so as to extend their length 
when in use, yet when not in use the length is reduced to 
one-half its possible limit for convenience in transportation. 
These three forms of rods are known respectively as the New 
York, Philadelphia, and Boston rods. Each of the two 
pieces of which these rods are constructed is about 7 feet in 
length, and the graduations are so arranged that the total 
extension possible with them is 12 feet. 

The New York rod (Fig. 96, a) is the best constructed and 
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the most accurate of the three and is divided to hundredths ofa 
foot, reading with the vernier on the target to thousandths. 
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Fic. 96.—TARGET-RODS. 
The divisions are so arranged, however, that only those below 
6% feet, that is, only those visible when the rod is not ex- 
tended, can be read from the instrument. On extension the 
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rod is read by a vernier on the rear side. The Philadelphia 
rod (Fig. 96, 6) is divided to hundredths and is so graduated 
as to be easily read by the levelman at all distances at which 
it is visible. There is no vernier on the target of the Phila- 
delphia rod, so that the least reading practicable with it is 
one-half a hundredth, and by estimation perhaps to two- 
thousandths, of a foot. 

‘Unlike the rods just described, the Boston rod (Fig. 96, c) 
has a fixed target, and all readings upon it are obtained by 
extending the rod. It is held with the target down for read- 
ings less than 54 feet, and is inverted for greater readings. 
The vernier and the scales by which the rod is read are on 
the sides, and the divisions are such as to permit of its 
being read to one-thousandth of a foot. This rod is lighter 
and more compact than the others, but is not so com- 
monly used. 

For very accurate work with a New York rod, the foot- 
plate, instead of being the full width of the rod and of brass, 
should be a small truncated pyramid of phosphor-bronze or 
steel, the least dimensions of which at the bottom should be 
about one-half inch, in order that the rod when rested on the 
turning-point shall surely be balanced over its center and 
that the same point of the foot-plate should always bein 
contact with the turning-point. Great care should be taken 
to keep this foot-plate wiped clean, and in making extensions 
of the rod care should be taken that the vernier of the target 
is exactly set on the 6.5-foot mark when clamped. Also, 
after extension, care should be taken that no grit or dirt gets 
into either of the abutting joints, else readings taken between 
6 feet and 6.5 feet might be in error. Plumbing-levels 
should also be used where careful work is attempted. 

133. Speaking-rods.—The greater part of the leveling 
ordinarily done is of the more hasty and rougher kind, read- 
ings being taken on intermediate stakes to one-tenth foot only, 
and on turning points rarely nearer than one one-hundredth 
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foot. For this reason most levelmen prefer to use speaking- 
rods, and, as a consequence, of the extensible rod the 
Philadelphia is the more commonly used because it is also a 
speaking-rod. 

The non-extensible speaking-rods are, however, more 
easily and safely employed than extensible rods. They are 
more popular with the more experienced levelmen, as with 
them better work can be performed than with extensible 
speaking-rods. They are, moreover, frequently used in pre- 
cise leveling, as preferable to target and vernier rods. There 
are many modes of graduating speaking-rods so as to make 
the divisions legible at the greatest 
distance at which the rod is sighted. 
Few such rods can be purchased 
of instrument-makers, the easiest 
way to obtain them being for the 
levelman to divide and paint them 
himself. They consist usually of 
well-seasoned pine $ to 1 inch in 
thickness and from 3 to 5 inches 
in width. The figures are made as 
large as possible, so as to be legible, 
and various markings are introduced 
between these or in the shapes of 
the figures themselves, so that the 
eye shall have a guide whereby to 
ise divide the spaces (Figs. 81 and 97). 

b In order to get more accurate 

work from a speaking-rod the level 

se copaie a hs LEVEL- should have three horizontal cross: 
hairs in the diaphragm, and the 

levelman should tell the rodman where to place his finger or 
pencil, and the latter should record this as an approximate 
check on the reading. The levelman should then read each 


of the three cross-hairs and record its reading separately, so 
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that by taking a mean of these he has a greater check on the 
treading observed and gets a more accurate determination of 
the height than by reading one cross-hair only. 

134. Turning-points.—In rough leveling it is of little 
consequence what manner of turning-point be used where the 
readings on each are attempted no closer than .I or .o1 of a 
foot. The turning-point may be on a pebble or other hard 
object on the ground, or on a short stake driven into the 
ground, or a hatchet laid on the ground. Where, however, 
more accurate work is attempted a better form of turning- 
, point must be employed. Several such have been commonly 
used, the more usual being the head of a hatchet the blade of 
which is driven firmly into the ground, or a spike-shaped 
hammer, or a stone which is well embedded in the ground. 

For precise work, however, these forms of ‘turning-point 
are not sufficiently stable, and two general forms have been 
employed, one consisting of a hemispherical disk of iron, 
about 6 inchesin diameter, with short spikes on the under side 
which are pressed into the ground by the foot. (Fig. 98, a.) 
This form is approximately that employed by the British 
Ordnance Survey, but it is not believed to be as satisfactory 
as a long steel peg well driven into the ground. (Fig. 98, 4.) 
Such pegs should be # to 1 inch in diameter at top and 
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from 12 to 18 inches in length, according to the consistency 
oi the soil into which they are set. These should be firmly 
driven into the ground with a heavy hammer, a sufficient 
number of blows being struck to assure that the last few blows 
cause it to subside but little, and that friction is sufficient to 
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prevent its further subsidence by the weight of the leveling- 
rod. The turning-point should be made of hardened steel, 
and the top rounded and kept so by frequent dressing ata 
smithy in order that there shall be but one point of contact, 
and that the highest. 

135. Bench-marks.—In the course of any line of levels, 
be it short or long, accurate or approximate, marks should be ~ 
left, the heights of which are determined by the leveling-rod, 
and these should be of such permanent character as not to be 
liable to mutilation or injury either accidentally or maliciously. 
This is in order that any future leveling which may be done- 
in the neighborhood may start from or connect with the pre- 
vious level line; and in order that the point of connection 
may be fully identified, such marks must be left and be fully 
described in the notes. 

These bench-marks, as they are called, should be left 
preferably not farther apart than one mile, but may be farther 
than this or nearer together according, 1, to the character of 
the work; 2, the opportunity for description; 3, the purpose 
for which it is done; and 4, the chances 
ef connection with other lines of levels. 
On a line of railway they should be at 
such distance from the right of way as 
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to assure their not being destroyed dur- 
ing construction of the road. Along 
highways or across country they should 
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be so placed that they can be easily 
identified by descriptions which state 
their relation to some _ well-known 
Fie. 99. object (Fig. 99), and they should not 
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liable to disturbance either by repairs 
to the highway or by work in the adjacent fields. 

One of the more common forms of bench-mark is a nail 
driven into the root of a tree. The nail should not be driven 
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into the trunk above the ground because of the difficulty of 
placing the rod upon it. The nail placed in the root should 
be as near to the trunk as possible, in order to guard against 
its being accidentally struck, and a notch should be so cut in 
the root as to leave one part of it a little higher than any of 
the surrounding wood, and into the highest point of the 
notched root the nail should be driven flush to its surface. 
The best nail for such purposes is one of copper, as it can 
always be surely identified as distinct from nails which may 
accidentally or maliciously be driven in its neighborhood. 
Next to copper nails, wire nails are most satisfactory as 
bench-marks. 

The corner-stone or water-table of a building, a door-sill, 
abutment of a bridge, or massive rock pier, all furnish desirable 
sites for bench-marks. The exact spot should be marked by 
a chisel-cut. For more permanent bench-marks, such as are 
left in precise leveling, it is customary to drill a hole in solid 
rock or the foundation-stone of some stable structure and to 
place a copper bolt in this. For greatest security from subsi- 
dence a building had better not be used, but a stone or iron 
post should be planted deep into the earth and the top of this 
be used as a bench-mark. 

Fig. 100 shows a form of iron post used by the U.S. 
Geological Survey. Under this, in the bottom of the hole, is 
placed a large flat stone. This post is cheap and light, as it 
is of wrought-iron pipe. The same organization uses bronze 
tablets of similar design for cementing in masonry walls. In 
Germany small wrought-iron pins with round heads are ce- 
mented into walls or posts for bench-marks. 

136. Method of Running Single Lines of Levels.—In . 
general the details of the most approved methods of running 
spirit levels, as practiced by the more successful levelmen, 
may be stated as follows: 

. The rodman, after examining and wiping the bottom of 
the level-rod, standing behind it, balances it vertically on a 
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bench-mark or a steel turning-point firmly driven into the 
ground. He waves it back and forth gently as he balances 
it, so that the levelman may see that it is plumb in the direc- 
tion of the line of sight, and the latter calls to him, not by 
signaling with the hand, but by word of mouth, the exact 
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FIG. 100.—BRONZE TABLET AND WROUGHT-IRON BENCH-MARK Post. 


figures on which to set the target. The rodman then takes 
down the rod, sets the target, clamps it and again holds it on 
the turning-point, when the levelmen may call to him to raise 
or lower it one or more thousandths. Reclamping the target 
as directed, he now levels the rod carefully by watching the 
fore and back plumbing-level, the levelman waving him to 
level it across the line of sight as indicated by the vertical 
cross-hair. 

The levelman, having his instrument well planted, and 
sighting first at the rod and then examining the level-bubble, 
if he finds the target exactly set at the same time that the in- 
strument, as shown by the bubble, is exactly level, calls out 
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‘*plumb,”” which expression, or some equivalent thereto, is 
instantly repeated by the rodman if he finds his rod plumb, 
and if the target is then perfectly set, the levelman gives the 
signal ‘‘all right ’’; if not, he calls again to the rodman the 
amount by which the target is to be raised or lowered, and 
the same operation is repeated until the rod is found to 
be precisely plumb at the same instant that the instrument is 
level and the horizontal cross-hair bisects the clamped target. 

The rodman reads the rod and records his reading before 
he removes his turning-point, then he shows the rod to 
the levelman as they pass, the latter reading and recording 
the same. Both at once compute the height of instrument 
and compare results without having made any remarks one 
to the other concerning the rod reading, and if the results 
differ, as stated in the instructions, they then both reread 
the rod, recompute, and if the difference still exists, they 
must go back to the nearest bench-mark and rerun that 
much of the line. When a target setting falls above the 
6.5-ft. mark, at which point is the break in the jointed rod, 
the closure of the rod at this point must be examined by both 
to make sure that it is perfect, otherwise the joint must be 
cleaned or a correction made for the failure of the rod to 
properly close. 

In running a long single-rodded line of levels, the following 
additional precaution may be taken. Instead of setting and 
reading the target once, it is set and read twice; that is, it is 
double-targeted by the levelman first signaling the target toa 
setting up or down, when it is clamped, read and recorded by 
the rodman, who then loosens the target, continues to move it in 
the same direction in which it was going for, say, a tenth of a 
foot, when he is then signaled to a setting in the opposite 
direction. This gives a double target reading on each turn- 
ing-point, and the method of making these tends to eliminate 
parallax in target-clamping. If the two readings differ by 
more than two thousandths of a foot, additional settings are 
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made. As the rodman and the levelman pass, the latter 
reads the target, which is left clamped at the last setting, and 
the rodman, though he records all readings, uses in his com- 
putations only the first of the pair adopted, while the level- 
man uses the last. 

137. Instructions for Leveling.—The following are the 
instructions for levelmen issued by the Director of the U. S. 


Geological Survey: 


1. Primary level lines should be run with one or two rodmen and one 
levelmen, and when necessary a bubble-tender. Where such lines are run 
in circuits which will check back upon themselves or other lines, one rod- 
man will suffice. Where long, unchecked lines are run, two rodmen must 
be employed. 

2. SINGLE-RODDED LINES.—Levelman and rodman must keep separate 
notes and compute differences of elevation immediately. As levelman 
and rodman pass, the former must read the rod himself, record and com- 
pare readings, then compute the H. I., and after computations are made 
compare results with the rodman. No comparisons should be made until 
the record is complete. -If the results differ, each must read the rod be- 
fore et gate anything but results. 

. Work on primary lines should not be carried on during high winds 
or whet the air is “boiling” badly. During very hot weather an effort 
should be made to get to work early and remain out late, rather than to 
work during midday. 

4. Foresights and backsights should be of equal length, and no sight 
over 300 feet should be taken excepting under unavoidable circumstances, 
as in crossing rivers at fords or ferries or in crossing ravines. In such 
cases extraordinary precautions must be taken, as repeated readings at 
changed positions of rod and level, etc. 

5. If it is impracticable to take equal foresights and backsights, as soon 
as the steep slope is passed take enough unequal sights to make each set 
balance. In this case extra care must be taken to insure correct adjust- 
ment of the level. 

6, Distances along a railroad can be obtained by counting rails; at 
other times stadia or pacing may be used, according to the quality of the 
work, The distances in feet of both the foresights and backsights must 
be recorded in both note-books in the proper columns. 

7. Always level the instrument exactly before setting the target. After 
setting it and before giving the signal “all right” examine the level- 
bubble. If found to be away from center, correct it and reset target. 
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8. The level must be adjusted daily, or oftener if necessary. The 
adjustment of the line of collimation and of the level-tube is especially 
important, 

g. Provide rodmen with conical steel pegs, 6 to 12 inches long, with 
round heads, to be used as turning-points. Never take turning-points on 
rails, ties, or between them. Always drive the pegs firmly into the 
ground. 

10, When the rod is lengthened beyond 6.5 feet, both the rodman and 
the levelman must examine the setting of the target as well as the reading 
of the rod vernier. When the rod is closed see that the rod vernier indi- 
cates 6,5 feet, not depending upon the abutting end to bring it back to 
place. Keep the lower end of the rod and the top of the turning-point 
free from mud and dirt. 

11. Plumbing-levels must always be used and kept in adjustment, and 
long extensions of the rod avoided. 

12. Leave temporary bench-marks at frequent intervals, marked so 
that they can be easily identified. These may be on a solid rock well 
marked, a nail driven in the root of a tree or post, or on any place where 
the mark wiil not be disturbed for a few weeks. One such bench-mark 
should be left for every mile run, in order to give sufficient points to which 
to tie future levels. Mark in large figures, in a conspicuous place when 
possible, the elevation to the nearest foot. Make notes opposite all ele- 
vations at crossings of roads, railroads, streams, bridges, and in front of 
railway stations and public buildings, and of such other facts as may aid 
the topographer in his work. 

13. All permanent bench-marks must be on copper bolts or bronze 
tablets let in drill-holes in masonry structures or in solid rock, or be on 
the iron posts adopted by this Survey. The figures of elevation must 
be stamped well into the metal, to the nearest foot only, also name or 
initial letter of the central datum point. 

14. A complete description, accompanied by a large-scale sketch, 
must be made of each bench-mark, giving its exact elevation as computed 
from the mean of the two sets of notes. After bench-marks are stamped 
both levelman and rodman must examine them, and record in note-books 
the figures stamped thereon. 

15. The limit of error in feet should: not exceed .05 distance in miles. 

16. Use the regular Survey level-books; keep full descriptive notes 
on title-page of every book, giving names, dates, etc. Each man should 
be responsible for his own note-book ; and under no circumstances should 
erasures be made, a single pencil-line being drawn through erroneous 
records. 

17. When errors are discovered as the work progresses, report the 
same at once tothe topographer in charge. 
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18. Keep each set of notes separately and independently as taken, 
paying no attention whatever to other notes except to compare results. 
If on comparison errors are discovered, correct them only by new obser- 
vations or computations, All notes must be recorded directly in note- 
book. Separate pieces of paper for figuring or temporary records must 
not, under any circumstances, be used. 

19. In long, single-rodded lines make two target-settings on each 
turning-point, by first signaling “up” or “down” to a setting, which is 
recorded by the rodman, then unclamping and signaling in the opposite 
direction to a setting. If the two differ more than .0oo2 of a foot, addi- 
tional readings must be made. The rodman should record all readings, 
using in his computations only the first of the pair adopted, and the 
levelman the last. 

20. DOUBLE-RODDED LINES.—In running unchecked or single primary 
lines with two rodmen, they should set on turning-points 10 to 20 feet apart, 
but each at equal distances for foresights and backsights; otherwise the 
above instructions are to be followed with the following modifications : 

21. The tripod clamping-screws should be loosened when the instru- 
ment is set, and tightened only after the legs are firmly planted, and the 
instrument must be shaded at all times by the bubble-tender. 

22. The laborer should place the steel turning-points for foresights 
and then return and not remove the backsight points until the levelman 
has set targets on the new foresight, so that there shall be in the ground 
at all times two turning-points the elevations of which are known. 

23. Bench-marks left at termination of work at night, or for rain or 
other cause, should be practically turning-points in a continuous line. 
They should consist of large wooden pegs driven below the surface of the 
ground, with a copper nail firmly embedded in the top. One of these 
pegs is to be used as the final turning-point foreach rodman, They are 
to be covered with dirt or otherwise hidden, their location being marked 
by sketches in note-books showing relation to railroad ties, telegraph- 
poles, etc. 

24. An index-book or list of bench-marks must be kept posted in the 
field, in ink, for all classes of leveling done. In these, location sketches 
of permanent bench-marks may be made, and descriptions should in 
every case refer, with distance, to some village, section corner, or other 
place of local importance. All circuit-closure errors should be pee HON: 
noted, with cross-reference by page to the connecting lines. 


138. Note-books.—There are several methods commonly 
used in keeping notes of ordinary levels. Where the level- 
ing is for a line of railway or canal, elevations are taken at 
every one hundred feet and at intermediate points to note 
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sudden changes in slope or at stream crossings and similar 
features. The more usual ruling in a level note-book is to 
have one page divided into five columns, the opposite page 
being left free for remarks and for a plot of the level line, 
showing position of turning-points, road and stream cross- 
ings, etc. 

LEVEL NOTES; 


Date, Sept. 26, 1808. 


Dist. B. S.| Dist. F. S. | Backsight. | H.I., Feet. | Foresight. Lee, Sta. 


Morehouse|ville to Pisjeco, N. Y. 


; 1910. 429 I 
Be 55 10.721 19g2I.150 7.938 Ig13.212 
20 45 0.786 I913.998 II.984 1902.014 
23 55 0.801 1902. 815 10.587 1892,228 2 


The five columns into which the note-book is ruled are 
generally marked at their heads respectively ‘‘ Station,” 
‘Biro stor backsight; “°H. 1.” for height) of instrument; 
‘Sheu. sior foresight, and “CE: for élevation’ “In*the first 
or station column are placed the letters ‘‘ B. M.” with number, 
for bench-marks, and ‘‘ T. P.”’ with number, to indicate the 
position of turning-points. In the backsight column is placed 
the reading observed in backsighting on any bench-mark 
or turning-point. In the height of instrument column is 
placed the height of the line of collimation of the instrument 
as obtained by adding to the last recorded elevation in the fifth 
column the reading of the rod recorded in the backsight 
column. In the foresight column is placed the reading of 
the rod recorded at each of the intermediate stations, and 
next to it in the elevation column the elevation is obtained 
by subtracting the foresight from the height of instrument; 
also the reading of the rod at the foresight on the next turn- 
-ing-point or bench-mark is obtained by subtracting the fore- 
sight from the height of instrument. Not uncommonly the 
notes in the book are kept by having the foresight and eleva- 
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tion of the next turning-point recorded on the line below that 
on which the backsight and height of instrument and the last 
turning-point are recorded. 

139. Platting Profiles.—For purposes of construction and 
in order that levels may be more readily interpreted, the 
notes are platted on what is called cross-section or profile 
paper so as to show graphically the undulations of the surface 
passed over. There are numerous forms of ruling for profile 
papers which are kept in stock by various dealers in mathe- 
matical instruments, the more common being a vertical ruling 
which divides the paper horizontally into spaces about } inch 
apart, while the horizontal divisions or elevations are shone 
by vertical spaces of like size, but heavily ruled and divided 
into five smaller spaces by finer ruled horizontal lines. 

In platting the profile a convenient elevation is assumed 
for the bottom horizontal line, perhaps sea-level or some 
datum which will be the lowest point on the line of the route 
leveled, and opposite it may be marked zero as datum or its 
elevation above sea-level, if this is known. For railway or 
canal work where construction is to follow, it is usual to 
assume one foot as the smallest vertical interval of the profile- 
paper, and 10 feet as the smallest horizontal interval, the 
proportion then being 5 feet of vertical to 1 of horizontal, or 
5 to 1. Various other proportions may be used, a greater 
disproportion of vertical to horizontal being employed to ac- 
centuate the irregularities of very rough country, each hori- 
zontal division being assumed as 10 feet, or 100 feet, or a 
fraction of a mile, as the case may be. The distance to each 
turning point or station at which the elevation is determined 
is that ascertained by counting the vertical. lines from left to 
right, and above it the corresponding elevation is platted by 
counting from the datum or base line the proper number of 
horizontal lines. 


CHAP LER CViL: 
LEVELING OF PRECISION. 


140. Precise Leveling.—When for any reason it is nec- 
essary to determine elevations with the greatest precision 
attainable, as in government work along the Mississippi and 
Missouri rivers, and where elevations have to be carried great 
distances from the ocean, in order to give datums on which to 
base other levels, as the primary level of the U. S. Geological 
Survey or the geodetic investigations of the U. S. Coast 
Survey, spirit-leveling is executed by methods which differ 
materially from those just described. 

In the United States three methods of precise leveling 
have been practiced by three different government organiza- 
tions. One of the oldest and most satisfactory is that em- 
ployed by the U. S. Engineers on the Mississippi River, and 
is an adaptation of the European modes of leveling, in which 
a Swiss instrument, the Kern level, is used and a speaking- 
rod is employed. The U. S. Coast and Geodetic Survey have 
devised a peculiar instrument, calleda ‘‘ geodesic”’ level, which 
has been exclusively used by them in connection with the 
target-rod. The U. S. Geological Survey uses a modification 
of an instrument originally designed by Mr. Van Orden of 
the Coast Survey, and employs purely spirit-leveling methods, 
using either target- or speaking-rods. Each method has its 
own advocates, but that of the Coast Survey is so cumber- 
some, involves such lengthy and expensive computations, and 
is so influenced by instrumental errors which must be cor- 


rected, that it is not one which is likely to find favor else- 
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where, nor is its use likely to continue much longer. It is 
fully described in various reports of the Coast and Geodetic 
Survey, as well as in Johnson’s ‘‘ Surveying’ and Baker's 
‘Engineer's Surveying Instruments,” and will, therefore, 
not be described in detail here. 

The method of leveling employed by the U. S. Engineers 
is free from the cumbersome computations and the trouble- 
some corrections for instrumental constants that occur in the 
method employed by the Coast Survey. At the same time 
it is hampered by a few necessary adjustments and corrections 
which render it more complex and less expeditious than the 
method of the Geological Survey. As this mode of precise 
leveling is fully described in the Reports of the U. S. 
Engineers, as well as in the surveying text-books just referred 
to, it will not be described in detail. 

141. Geodetic Leveling.—There are numerous serious 
disadvantages to this variety of leveling, among the more 
prominent of which are: 

1. There is no check on the work of the instrumentman, 
as the rodmen are not able to make or keep duplicate notes; 

2. A high order of skill is required in the levelman, as the 
instrument is delicate and complicated and there are to be 
made many corrections and tests to determine its constants; 

3. The results are not immediately available, the office 
reductions and computations consuming even more time than 
the actual field-work. As a result this mode of leveling has 
found but limited favor in the past and has now been practi- 
cally abandoned even by the U. S. Coast Survey. It is 
therefore but briefly described here, and more as a matter of 
interest than information. 

A prime requisite in geodesic leveling is that the distance 
between the rod and the instrument must be exactly known, 
since there is added to the ordinary spirit-leveling features 
the operation of reading small vertical angles of a few seconds 
and computing and reducing them to elevations. For, in 
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geodesic leveling as practiced by the United States Coast 
and Geodetic Survey, after getting the instrument practically 
level, it is assumed that it is impossible to watch the level- 
bubble and see that it is absolutely level at the same instant 
that bisection of the target is obtained, and therefore the 
observer, after leveling his instrument approximately, pays 
no further attention to the bubble while sighting. The 
rodman is first signaled to move the target until nearly 
bisected by the cross-hair, when it is clamped, and thereafter 
the rodman devotes his attention wholly to keeping the rod 
steady and plumb. Watching the level-bubble, the levelman 
then brings it to exact center by turning the micrometer- 
screw, and he notes and records the micrometer reading. 
Then, without further watching the bubble, he exactly bisects 
the target with the cross-hair by turning the micrometer- 
screw, and again records the reading of the latter, and the 
designating number on the rod. This operation is then 
repeated with the level and telescope reversed, the mean of 
the four readings taken, and the difference in elevation 
between the telescope pointed at the target and the instru- 
ment level, as shown by the micrometer readings, is added to 
or subtracted from the rod reading. It must be noted, 
however, that an important factor in this operation is the 
difference of elevation between rod reading and horizon read- 
ing as obtained from a trigonometric computation, depending 
upon a minute gradienter angle and the distance of the red 
from the instrument. 

142. Precise Spirit-level.—The adjustments of precise 
levels do not differ essentially from those of ordinary Y levels. 
In the latter the less important adjustments are neglected as 
being less than the degree of accuracy aimed at; but as 
extreme accuracy is desired in precise leveling, every adjust- 
ment must be carefully made, even though the instrument is 
used in such manner as to eliminate errors of adjustment. 
Accordingly, the instrument is adjusted as nearly as prac- 
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ticable, and then the errors of instrument are determined and 
each single observation corrected for these errors. As the in- 
equality of the diameters of the collars cannot be eliminated by 
a system of double observations, since the line of vertical axis 
is invariable, it is practically eliminated from the final result 
by reading equal foresights and backsights. Although the 
inequality of the diameters of the collars cannot be eliminated 
by double readings, it can be determined by observations with 
a striding-level, as in the case of the astronomic transit, and 
can be applied as a correction to the rod readings where a 
system of double-rodding is employed. 

The precise level used by the U. S. Geological Survey 
was designed and is made by Messrs. Buff and Berger of 
Boston. Like other precise levels, one of its essentials is a 
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very firm tripod with split legs, so as to give a broad head 
and correspondingly firm base for the support of the instru- 
ment. (Fig. 101.) On the head the level is supported freely 
by three leveling-screws, and it is clamped to the tripod-head 
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by a stout center screw when not in use. The telescope has 
an aperture of 1$ inches and -magnifying power of 4o 
diameters, and is inverting. It likewise rotates in vertical 
plane by means of a milled-head screw nearly under the 
eyepiece; but this rotation is about a horizontal axis, not 
under the object-glass as in the other precise instruments, 
but placed opposite the center of the instrument by means 
of a cradle the axes of which are within a fraction of an 
inch of the line of collimation, thus securing the telescope 
a motion in altitude free from any change in the height of 
the line of collimation, as must occur in the other instru- 
ments. 

It is leveled by a long spirit-bubble hanging from the 
telescope, as in ordinary spirit-levels, and in addition is sup- 
plied with an auxiliary striding-level. The bubble is so erad- 
uated that one division 7/5 inch in length is equivalent to 4 
seconds in arc. The author does not approve the use of the 
striding-level nor the micrometer leveling-screw as such, but 
merely as a milled-head screw for final leveling. In place of 
the chambered bubble as furnished by the makers, two bub- 
bles of different sensitiveness should be carried in the field, one 
in which a division is equivalent to 4 seconds of arc, and the 
other in which a division is equivalent to 8 seconds of arc, 
and both should be carried in separate metal frames so that 
they can be changed without much delay. 

143. Sequence in Simultaneous Double-rodded Level- 
ing.—The method of leveling approved by the author as most 
satisfactory is not to run a single-rodded line forward and a 
similar line backward over the same series of turning-points as 
do the U. S. Engineers, but to check the work by running a 
simultaneous line of levels with one instrument and one 
instrumentman, but two rods and rodmen turning on separate 
turning-points (Art. 134). The idea of any form of duplicate 
or simultaneous rodded leveling is that checks shall be had 
on various bench-marks, the result of observing in opposite 
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or reverse directions, so as to correct errors introduced by 
refraction and to get a mean elevation on the lines run in 
opposite directions. A notable peculiarity in all precise 
leveling is a constant divergence between the duplicate lines, 
which is to be largely ascribed to settlement in instrument 
between the time of observing foresight and backsight on 
each line (Art. 149). To reduce divergence the effort should 
be to allow the least lapse of time between the back- and fore- 
sights. To procure this result the seguence 7x running should 
be to backsight on rodman A at a, (Fig. 102), immediately 
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Fic. 102.—DupLicate DirEcT AND REVERSE LEVELING WITH SINGLE Rops. 
reversing the instrument foresight on rodman JZ at a,, then 
foresight on rodman & at 6,, and backsight on rodman A 
at 0,. In this method it will be observed that the level notes 
are complicated or divided between the two rodmen, because 
one rodman acts as backsight on both rear turning-points, 
and the other rodman as foresight on both fore turning- 
points. The levelman, however, keeps a clear set of notes 
of both rod readings, and the rodmen exchange foresight and 
backsight notes at the end of a day’s work by summation 
between bench-marks. 

The advantage of this method is in the quick observing 
between foresights and backsights on each line, practically no 
time elapsing between the making of these sights other than 
that required in reversing the instrument and watching the 
bubble. It was believed that by this method practicaily no 
subsidence occurrs between these sights, a belief borne out by 
the fact that the greater length of time elapsing between the 
sighting of the two lines results in a greater divergence than 
might even be anticipated. The order of sequence in sight- 
ing is such as to practically run one line in a direct and the 
other in the reverse or opposite direction. 
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The method of exchanging notes requires each man to 
practically walk the distance leveled twice, for after rod a, is 
sighted, then the rodman moves towards the levelman for his 
inspection; meantime the latter sights rod @,, then the level- 
man moves towards 4 to meet him, and they exchange notes, 
A returning to point 4,, and the levelman going to meet B, 
whose rod he reads, & then returning to point J,. The 
second set of sights having been made, the notes are ex- 
changed as the men pass each other, the rear rodman and 
levelman moving forward each time. 

The above method requires a great amount of extra walk- 
ing by the rodman and levelman when exchanging notes. 
This may be obviated by the employment of the doudle- 
faced rods described in Art. 145, and the most satisfactory 
results are obtained by the use of this double rod. The 
procedure in using it is as follows: 

Backsight on rodman A (Fig. 103) to turning-point a,, 
red rectangular target, immediately foresight to rodman B 


bs 


B 
Fic. 103.—DUPLICATE DIRECT AND REVERSE LEVELING WITH DOUBLE ROD. 


at turning-point a,, red rectangular target (Art. 145); then, 
without any lapse of time for exchange of notes, the two rod- 
men move to the adjacent turning-points, and the levelman 
foresights on rodman B& at turning-point J,, black oval target, 
and backsights on rodman A at 6,, black oval target. The 
rodmen clamp their targets after each setting, and the rear 
rodman and the levelman move forward together, so that, as 
the levelman passes the rodmen, he is able to read and record 
the clamped targets, and the whole is accomplished with such 
a considerable reduction of elapsed time between the two 
lines, since the targets have not to be read until all the 
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observing is completed, as to materially increase the speed, 
reduce the cost, and reduce the divergence. 

144. Methods of Running.—In precise leveling a double 
line is invariably run for the purpose of check on every 
bench-mark. The U. S. Engineers adopt a method of 
sequence which is that already described for double rod for 
ordinary spirit-levels (Art. 130). For - peed they use two rod- 
men, and the levelman backsights on rodman A at a, (Fig. 104) 

eh te 
Fic. 104.—SINGLE-RODDING WITH Two RODMEN,. 
and foresights on rodman & at 0,. Then the levelman and 4 
move forward, and the former backsights on J at 4, and fore- 
sightson A ata, This isa single line of levels, and the party 
duplicate their own work by rerunning over the same line in 
an opposite direction. 

In the U. S. Coast Survey the levelman backsights on 

rodman A (Fig. 105) at the turning-point @,, and then back- 


fFiG, 105.—DuPLICATE RODDING, Boru Lines DIRECT ONLY. 


sights on rodman & at the turning-point.4,. Both A and B 
then pass him, and he then foresights on rodman 4 at turn- 
ing-point a, and on rodman & at 0,, the rear turning-points 
a, and &, being left in-the ground until the turning-points a, 
and 4, are set. : 

145. Precise Rods. — The Coast Survey rod is of 
thoroughly paraffined wood, and the bottom, which is hemi- 
spherical, is set in saucer-shaped turning-points, the curvature 
of which is greater than that of the rod foot. This rod is 
single and non-extensible, 12 feet long, and divided into 
fractions of a meter by large, easily legible markings. At 
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short intervals on its face are inserted in the pine wood metal 
plugs on each of which is engraved a fine line, and these are 
the zero marks on which the vernier is read; it being believed 
that these lines are finer than divisions can possibly be made 
upon wood. The_rod can be read directly to thousandths of 
a meter, and by estimation to one ten-thousandth of a meter, 
by means of a target which is moved up and down by an 
endless chain passing over pulleys at either end of the rod, 
while the target can be clamped by means of another chain 
which is convenient to the hand of the rodman. 

The U.S. Engineers use a rod made of one piece of wood 
12 feet in length. It has a T-shaped cross-section, a foot- 
plate, and a turning-point similar to the above. The rod is 
self-reading, that is, without targets, and graduated to cen- 
timeters. Closer records are made by estimation by the 
levelman, since there are three horizontal cross-wires in the 
instrument, on each of which readings are made, and the 
mean of these is the value used. 

The precise rods used by the U. S. Geological- Survey 
are of two kinds, target-rods and speaking-rods. The double- 
target rods are made by Messrs. W. & L. E. Gurley of the 
best selected white pine, well seasoned and heated to a high 
temperature, when they are impregnated with boiling paraffine 
to a depth of one-eighth inch. ‘The rods are a little over'10 
feet long, and the graduations are commenced about a foot 
from the bottom of the rod to prevent readings being taken too 
near the bottom of the rod because of refraction. They are 
made of three pieces of wood bolted together, the cross-section 
forming a + (Fig. 106). These rods are graduated on both 
sides, and each is supplied with two targets, which are, one 
oval and red, the other rectangular'and black, with verniers 
on the edge of a square hole in the face. These verniers can 
be moved by means of a spring in a direction at right angles 
to the line of sight, so as to bring them to a close bearing 
against the graduations and thus prevent parallax in reading. 
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Elevation. 


Section. 


One-third size. 
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The zero of the targets consists of a white stripe, wider at the 
outer edges than in the middle and of such width that at the 
nearest possible setting of the level the cross-hair of the latter 
will easily bisect the narrower part of the stripe, it being 
found preferable to bisect a stripe rather than cover a line 
with the cross-hair. The targets are handled by endless 
tapes running over pulleys at either end of the rods. The 
bottoms of the rods are protected by steel plates narrowed 
down to one half inch in area by giving them the shape of 
truncated pyramids. The rods are graduated in feet and 
hundredths, and read by vernier to thousandths. 

These rods greatly increase the speed of leveling and 
reduce the amount of walking. The difference in shape and 
color of the two targets reduces to a minimum the possibility 
of error in the record of the two faces; much of the time 
expended in comparison of notes and check-reading of rod 
by instrumentman and rodmen is saved, because the instru-* 
mentman can set the target on the face of the rear rod and 
then on the corresponding face of the front rod and, without the 
necessity of reading or exchange of notes, both rodmen set on 
the next turning-points, clamping the targets on the other face. 

The szngle-target rods used are similar in all essential 
respects to the double rods just described, but have only one 
face divided and one target. They lack, therefore, the 
advantages gained by speed in manipulation with the double 
rods. They are, however, superior in speed and accuracy to 
other forms of target-rods (Fig. 96). 

The precise speaking-rods used by the U. S. Geological 
Survey are an adaptation of the non-extensible speaking-rods 
used in European geodetic surveys. They were designed by 
the author after suggestions received from Mr. Horace 
Andrews. They are a little over 10 feet in length and are 
graduated for 10 feet. The divisions of this rod are peculiar 
and are illustrated to half-scale in Fig. 107. They are so 
arranged as to divide the spaces into five parts, on the theory 
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that the eye can estimate the position of the cross-hair on 
the rod to five parts more readily than by attempting to 
divide the same space by estimation into 
ten parts. In order to get the desired 
result, and as a foot is too small a space to 
be divided in the manner required, this rod 
is divided into units of 2 feet each. Accord- 
ingly, each actual foot is but a half of a 
unit, and so on for tenths and hundredths, 
the result being that the 10-foot rod is 
divided into five units and each of these 
into ten others and each of these again into 
ten spaces. Thus one-fifth of the smallest 
unit space, the hundredths, can be easily 
estimated by eye with the aid of the cross- 
Fic. 107.—U. S.Geo- hair at the greatest distance permitted in 
oe ee eter eae precise leveling whereas tenths could not be 
ROD. estimated. This space being .o1 of a unit, 
One-half size. nits - 
fifth of it is .002 of a unit, actually 
equivalent to .004 of a foot. The portion of the rod hatched 
in the illustration is painted red and the remainder is painted 
black on white enamel, the ruling of the black lines being 
very fine, as shown. 

The mode of keeping the notes with this rod is unique. 
Whatever the initial elevation may be, say 100 feet, it is put 
in the column of elevations as being one half of this, or 50 
feet. Then the backsights and foresights are recorded, and 
the computations made as with any other rod, the actual figures 
read being used. Whenever a bench mark is reached and it 
is desired to know its elevation, that given in the book is 
doubled. This introduces no complications in note-keeping, 
simplifies the rod reading, and permits of the estimation of 
differences of heights on a speaking-rod to .oo1 of a foot. 

146. Manipulation of Instrument.—In precise leveling 
several important details of manipulation, although apparently 
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trivial, add greatly to the accuracy of the result. In addjtion 
to the necessity of exactly equalizing sights and of taking 
care not to refocus the instrument without adjustment, care 
should be taken to loosen the instrument from the tripod by 
freeing the central holding-screw after the tripod has been 
firmly planted in the ground. The instrument then rests on 
the tripod merely by its own weight and is not subject to the 
torsional strain which may be brought upon it by the tension 
of the center holding-screw. The three screws which bind 
the wooden tripod legs to the metal tripod head should be 
loosened after the tripod has been firmly planted, and then 
retightened before the observations are made, so as to obviate 
strain in the tripod and its head due to any twist brought 
against these screws in planting thetripod. After giving the 
final signal to clamp the target, the instrumentman should 
have the rod replaced on the turning-point, should again 
notice the level-bubble, and take a last look at the target 
bisection, calling out to the rodman, “‘ plumb,’’ or some sim- 
ilar word, at the moment the same is repeated by the rodman, 
so as to make sure that the rod is plumb at the moment 
of target bisection and after the target has been clamped. 

147. Length of Sight.—There is a limit of distance at 
which the rod should be placed from the instrument, which 
is variable and is dependent chiefly upon— 

1. Magnifying power of the telescope; 

2. Quality of work being done; 

3. Atmospheric conditions; and 

4. Sensitiveness of the level-bubble. 

The first condition affects both the nearness and the 
extreme distance at which sights should be taken. If the rod 
is too close to the instrument, difficulty will be experienced 
in properly setting the target or bisecting the divisions of the 
rod if the latter is self-reading, and the levelman may waste 
much time in an effort to find too close a reading. ‘There is 
also sometimes difficulty in focusing on a very near rod, but 
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above all is the slowness caused by the short sights. Effort 
should therefore be made to take as long sights as are per- 
missible. Accordingly, the four classes of limitations above 
specified may be all taken to limit the greatest length of 
sight rather than the least. The distance of the rod from the 
instrument should not be so far that the magnifying power 
of the telescope will not permit of reading the rod or setting 
the target to the smallest division of the rod. 

The second limitation to distance, the guality of the work, 
gives the greatest latitude in distance of sight. If rough or 
flying levels are being run and only turning-points taken, and 
these as far apart as the power of the instrument will permit, 
or if the rod is being read to the .o1 or even .1 of a foot for 
the obtaining of approximate elevations only, the rod may 
be placed at as great a distance as the target or the divisions 
upon the rod are clearly visible, providing, of course, that the 
greater the distance of the rod from the instrument the more 
nearly the foresights and backsights should be equalized, 
otherwise errors will be introduced into the work owing to 
the errors in the bubble and the instrument adjustments. 

The third limitation to distance, atmospheric conditions, is 
one of the most important, since, when the atmosphere is 
vibrating rapidly because of heat, the difficulties of accurately 
reading the rod or bisecting the target become so great as 
to render it impossible to make the observations within the 
limit of a rod division, the cross-hairs of the instrument fre- 
quently dancing over several thousandths or even hundredths 
of a foot on the rod if it is placed at a considerable distance. 
Accordingly, as heat vibrations increase, the lengths of the 
sights must be diminished; and it is not uncommon, in very 
accurate work, to have to reduce sights to as low as 100 feet, 
and even then the results of a rod setting may be in doubt. 
Precise leveling should not be carried on in very hot weather 
or when the atmosphere is vibrating violently from heat or 
other causes. 
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Atmospheric conditions, the magnifying power of the 
glasses, and other elements being satisfactory, the true limit 
of distance is fixed by the sensztiveness of the bubble. For 
instance, with an 8-second bubble the target can be set with 
comparative certainty to within .oo1 of a foot at a distance 
of a little less than 300 feet. Likewise, with a 4-second 
bubble on the same instrument the target can be set to .oo1 
of a foot with comparative accuracy at a distance of about 
400 feet. Accordingly, these distances for the instrument 
under consideration practically fix the limits of distance at 
which the rod may be placed under favorable atmospheric 
and other conditions. The ordinary engineer’s level has a 
20-second bubble, one which therefore for accurate work 
would limit the distance even more greatly; that is, with such 
an instrument rod readings of less than .o1 of a foot are rarely 
possible with accuracy. The accuracy of the same instru- 
ment is greatly increased by use of a 10-second bubble. It 
may be stated that, in ordinary engineering levels, sights as 
long as 300 to 500 feet may be regularly taken. In precise 
levels, however, 350 feet should not be exceeded even with 
an instrument having a 2-second bubble, for though the 
sensitiveness of the bubble is increased, the other functions 
of the instrumental error, atmosphere, magnifying power, 
etc., do not increase in equal ratio. 

148. Sources of Error.—The operation of spirit-leveling 
involves perhaps more varieties of errors than occur in the 
use of any other engineering instrument. Moreover, these 
are of such peculiar kinds as to involve a fine distinction 
between such as are compensating and such as are cumula- 
tive. The sources of error may be divided into— 

1. Instrumental errors; 

2. Atmospheric errors; 

3. Rod errors, including turning-point and record; and 

4. Errors of manipulation. 

Among instrumental errors the most important is perhaps 
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that due to the line of sight not being parallel to the level- 
bubble, and may be caused by imperfect adjustment or 
unequal size of the rings or both. If the telescope-slide is 
not straight or does not fit well, it will introduce an error. 
All of these errors may be eliminated by placing the instru- 
ment midway between the turning-points, and wherever ac- 
curate results, as in precise leveling, are desired, the lengths 
of foresights and backsights should be exactly equalized. In 
precise work the error of the telescope-slide is practically 
eliminated by not changing the focus after adjustment of the 
instrument. This would necessitate readjusting the instru- 
ment if for any reason the lengths of sights should be 
changed in any part of the day’s run. Another source of 
error arising from the instrument is produced by the adhesion 
of the fluid inside the glass tube, which prevents the bubble 
from coming precisely to its true point of equilibrium. This 
frequently occurs owing to the crystallization of something 
which is contained in the ether, little granules or crystals 
forming on the inside of the glass which catch the bubble 
and keep it from running smoothly. Careful microscopic 
examination of the bubble tube may show these crystals, and 
if discovered it should be discarded. 

The most important of atmospheric errors is the effect of 
the heat of the sun on one end of the telescope raising it by 
unequal expansion. This error may be partially eliminated 
in ordinary leveling by rapid manipulation of the instrument, 
so as to leave the least interval in which the sun may act. 
The error is greatest in work towards or from the sun and is 
cumulative; for if on the backsight the Y nearer the object 
glass is expanded, thus elevating the line of sight, then the 
other Y is expanded in the foresight, thus depressing the line 
of sight. This is a much greater source of error than is 
ordinarily recognized, for the error in the case above cited 
is further increased on the foresight by the cooling of the Y, 
which is expanded on the backsight. The sources of error 
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due to this cause may be largely eliminated by shading the 
instrument from the sun, and’ this should be done in careful 
engineering as well as in precise leveling. 

Another class of atmospheric error is due to the jarring 
or shaking both of the instrument and of the rod by high 
winds. When the wind has become so high that in looking 
through the telescope the cross-hairs dance to such an extent 
as to prevent accurately sighting the target; or when it is evi- 
dent that the jarring of the instrument interferes with the 
exact leveling of the bubble; or when the rod itself vibrates 
to such an extent as to make it impracticable to exactly 
sight it by the instrument, precise leveling observations 
should be discontinued. The effect of high winds may be 
partially obviated by using fine wires or cords held by men 
to guy the top of the rod, and they may be obviated in the 
instrument by screening it either with an umbrella, wind- 
break, or atent. In precise leveling by the Coast Survey on 
the plains of Nebraska, the wind has been so high continu- 
ously for weeks at a time as to render it necessary even to 
work in a high wind, and the harmful effect of the latter has 
been neutralized by guying the rods and by erecting a 
shelter-tent at every sighting. In running along the line of 
the Union Pacific Railroad a shelter-tent was carried on a 
frame on a hand-car in such manner that the instrument 
could be set up on the ground under.the tent, and thus 
scarcely any time was lost in the operation. 

A most serious atmospheric error is that due to frost, or 
especially a frost following rain or melting snow. The writer 
has observed instances where tripod legs, firmly inserted in 
the frozen ground in the morning, when the sun was causing 
rapid thawing, have in the course of a few minutes—in fact, 
during the time the instrument was being sighted after level- 
ing—sunk so quickly as to keep the bubble continuously in 
motion, thus rendering it impossible to get a stationary posi- 
tion of the bubble. This was due to the heat of the metal 
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tips of the tripod, warmed while the instrument was car- 
ried in the air, thawing the surrounding frozen ground, the 
water from which acted as a lubricant and permitted the 
tripod to sink. Precise leveling should not be conducted 
under such circumstances; for not only is the instrument 
affected, but also the turning-points on which the rod rests 
are liable to some movement, however carefully made and 
placed. The effects of dancing of the air and of refraction 
are referred to in Articles 111 and 152. 

Rod and turning-point errors are of the same kind. 
Among the latter is error due to settlement or jarring of the 
turning-point or to its inferior quality for the object sought. 
The first of these is to be guarded against only by using steel 
turning-points and driving them into the ground as firmly as 
possible with a heavy hand-sledge; and by care in placing the 
rod on the point so as not to produce any impact; and by 
carefully wiping the bottom of the rod and top of the turning- 
point prior to each setting. Errors of rod reading are to be 
guarded against by the levelman reading the rod and record- 
ing it himself when he and the rodman pass, so as to get a 
check on the reading of the rod by the latter, also in dupli- 
cate rodding by the two rods being read by the two rodmen 
as well as by the levelman. 

Lack of verticality of rod is to be remedied by waving it 
slowly backward and forward that the instrumentman may see 
that the cross-hair is tangent to a rod graduation at its highest 
point; or, better, by the use of rod levels, two of which 
are attached at right angles to the side of the rod, though.a 
single circular level may be employed. In the use of these 
levels, that which determines the verticality of the rod later- 
ally scarcely need be noted by the rodman, as the vertical 
cross-hair of the spirit-level determines it in that direction. 
Another source of error in rods is due to inaccurate grad- 
uation. When done by a first-class instrument-maker and 
tested by the standards which he has in his possession, this 
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source of error is generally found to be very small, yet for 
precise leveling the graduation should be tested by means 
of an official standard, and the error, however small, recorded 
and applied to each rod reading. Changes in rod length due 
to variation in temperature and moisture are so small that 
they may be disregarded in rods made of the best quality 
_of well-seasoned white pine treated with paraffine as described 
if ALCS hL45 

149. Divergence of Duplicate Level Lines.—A curious 
fact, probably first noted in the United States in the report of 
the Chief of Engineers of the Army for 1884, but since fre- 
quently observed by the U.S. Coast and Geodetic Survey, the 
U.S. Geological Survey, and others doing precise leveling, 
is the fact that when duplicate lines are run, either in opposite 
directions by two sets of levelers or by the use of a single 
instrument reading on two rods, the discrepancies between 
the two lines have an average tendency in one direction or to 
one sign, and increase with the distance. In other words, the 
two lines separate as they progress, the distance between the 
heights of any fixed bench-mark as determined by them in- 
creasing with the length of the line. Many reasons have been 
assigned for this, as settlement of instrument or of turning- 
points, effect of sun, illumination of target, frost, etc., but 
scarcely any are quite satisfactory. Remedies have been sug- 
gested, such as leveling alternate sections in opposite directions, 
or reading the backsight first at each alternate setting of the 
instrument, but no complete remedy has been yet discovered. 
The writer's experience with such work on the Geological 
Survey indicates that the best results are obtained by a dupli- 
cate rodded line (Art. 143), and not by running two lines in 
opposite directions or in alternate sections. He believes that 
these errors are largely due to the settlement of the instrument 
between the time of taking backsights and foresights and be- 
tween the time of observing on the two separate lines or rods. 


With the aid of Mr. W. Carvel Hall of the Geological Sur- 
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vey he has reduced this form of error to a minimum by quick 
manipulation; by the employment of the method of rod suc- 
cession, whereby immediately after the backsight the foresight 
can be at once read (Art. 143), and by using double-faced rods 
(Art. 145), thus reducing the time consumed in reading the 
rod between the various sights. The reversal of the direc 
tion of the sights on the two lines tends to give the notes the’ 
effect of two lines run in opposite directions, since the com- 
putations go on in opposite directions and the instrument is 
manipulated in opposite directions. To sum up, the adoption 
of the method of rod succession, and the use of double-faced 
rods to produce quick backsighting and foresighting, and care to 
neutralize instrument subsidence in frosty ground have had the 
effect of greatly diminishing the divergence of duplicate lines. 
150. Limit of Precision.—The final error of a series of 
observations will, according to the theory of probabilities, 
vary as the square root of the number of observations when 
affected only by accidental errors. Accordingly, when the 
instrument is set up the same number of times per mile, the 
error of leveling a given distance is assumed to be in propor- 
tion to the square root of the distance, and not to vary directly 
as the distance. In fact, a limit of error based on this 
presumption, while found to be very satisfactory for short 
distances, say those under one hundred miles, proves too 
sevete for greater distances, and it is almost impossible to 
maintain, it for such great distances as are leveled over by 
lines of precision. This is probably true because accidental 
errors are not the only ones made, and the number of obser- 
vations are not solely proportional to the distance leveled, 
that is, the lengths of sight are not constant. While a fixed 
limit of precision may be maintained for a number of short: 
pieces of leveling, it will generally be exceeded if the sums of 
errors be added together as the total discrepancy. 
Various limits of precision have been fixed in accord- 
ance with the theory of probabilities by different precise- 
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leveling surveys. If the probable error of leveling one mile 
be e’, then that for leveling d miles is e=e'’ Vd. Levels 
of precision executed in Europe of late years show that: 
the probable error of level lines of precision should not 


exceed 5 mm. Wdistance in kilometers, equivalent to about 


.o21 ft. ¥distance in miles, the- result peing in teet, ~The 
U. 5. Coast and Geodetic Survey calls for a precision in feet 


equivalent to .0o2 ft. ¥ distance in miles; the British Ord- 
nance Survey endeavors to place a high limit in fixing a 
constant error of 0.01 foot per mile, and yet this same limit 
applied to any of the lofg lines of precision run in the United 
States is very much easier to attain than any of the limits 
fixed above, because it varies directly as the distance. 

The U. S. Geological Survey has fixed as its limits of 
precision in its precise leveling that of the Coast Survey, 


namely, a result in feet = 0.02 ft. Wdistance in miles, or 


= .02 ft. ¥2d miles for duplicate lines. The U.S. Missis- 
sippi and Missouri River Commissions aim at a limit repre- 


sented by the formula 0.0126 ft. ¥2 X distance in miles for 
direct lines. 

151. Adjustment of Group of Level Circuits.—Where a 
line of levels has been run in such manner as to connect back 
on itself, thus forming a polygonal figure or circuit, there will 
occur some error of closure. If the instrument be set up 
the samé number of times in one mile, the probable error of 
the result increases as the square root of the distance. In at- 
tempting to distribute the error in such a closed circuit it 
must be remembered that the weights to be applied are in- 
versely proportional to the squares of the probable errors, or, 
in other words, to the distance over which the leveling is car- 
ried. If the leveling be run over three routes, Bilan 
between the points A and B& (Fig. 108) and the lengths of 
these be respectively 5, 7, and 8 miles, the weights to be 
applied to them will be respectively 4, 1, and . 
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If a closed circutt of levels is run from A via C, B, and D 
back to 4, and bench-marks are set at each of those points, the 
adjusted elevations of these benches should be in direct pro- 
portion to the distances between the benches. If the distance 
from A to C is 4 miles, from C to B 3 miles, from B to D 3 
miles, and from the latter to A again 5 miles, then the total 
distance is 15 miles. Therefore ;4 of the total discrepancy 


4 
ti Care 


Fic. 108.—-LEVEL CIRCUIT. 


is to be subtracted from the elevation of the first bench, C; 
+, of the total discrepancy is to be subtracted from the 
second bench, 8; 4% from the third bench, D, etc.,—account 
of course to be taken of signs. 

A group or net of levels such as that shown.in Fig. 109 
permits of the computation of the elevations of the various 
bench-marks by several different routes. If now the eleva- 
tion of any one bench be given, the elevations of the other 
junction-points are to be obtained. The number of inde- 
pendent quantities in any such group of level circuits is one 
less than the number of connecting benches. If this group of 
levels be adjusted by the method of least squares, there will 
be introduced as many conditional equations as there are 
separate geometric figures and one less independent quantity 
than there are connecting bench-points. 

A simpler method of adjustment, however, that recom- 
mended by Prof. J. B. Johnson and preferred by the author, 
is to consider the errors in proportion to the square roots of 
the distances or lengths of the sides of the polygonal figures. 
This is because the errors are compensating in their nature 
and increase with the square roots of the lengths of the lines. 
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Instead, therefore, of solving the group by least squares as 
one system, that polygonal figure having the largest error of 
closure should be first adjusted by distributing its error among 
its sides in proportion to the square roots of their length. 
Ther the circuit or polygon having the. next largest error 
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should be similarly adjusted, using the new values for the 
adjusted side if contiguous to the former, and distributing the 
remaining error among the remaining sides of the figure with- 
out distributing the side already adjusted. 

152. Refraction and Curvature.—The line of sight of a 
telescope when the bubble is level is theoretically parallel to 
that of the surface of the ocean at rest. In fact, however, 
it is depressed below that plane by the action of refractzon, 
and it lies between the level or curved surface of the ocean 
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and a tangent plane to the same, but is nearer the latter. 
The deviation of the tangent plane from the level surface is 
about 3 of a foot per mile, and for x miles it is 37° feet. 

In all spirit-leveling and trigonometric operations curva- 
ture and refraction are rarely considered separately, but are 
usually treated in combination (Art. 166). Their combined 
effect is to cause the line of sight to be elevated above the 
level of the surface by an amount equal to about 0.57 foot in 
one mile, or for z miles by 0.57’ feet. The above facts, how- 
ever, have little bearing on the ordinary operations of spirit- 
leveling, as the lengths of the sights taken are too short to be 
affected appreciably by them. Moreover, so long as the rule 
is strictly adhered to that the lengths of backsights and fore- 
sights shall be equal, all effects due to curvature and refrac- 
tion will be eliminated. 

In long-distance leveling (Art. 155) the effects of curva- 
ture and refraction become immediately appreciable in amount 
and must be taken into consideration if sights are not equal- 
ized. Ordinarily, however, they are eliminated in this form 
of leveling by simultaneous reciprocal readings with two 
instruments, or ordinarily less accurately by frequently repeated 
reciprocal readings from either end, thus equalizing the lengths 
of the sights. 

One of the most abundant causes of error in leveling is 
the refraction encountered by the line of sight passing near 
to the surface of the earth, and also another phenomenon 
nearly related to it—the dancing of the air due to heat-waves 
near the ground surface. This latter can only be eliminated 
satisfactorily by reducing the length of the sight when the 
awr is bowling badly. _ This reduction must be of such amount 
that the space on the rod danced over by the cross-hair will 
not be of appreciable amount. Refraction may be reduced 
to a minimum by exercising the precaution of never sighting 
too short a rod—that is, never allowing the line of sight 
to come nearer the ground than 13 to 2 feet (Art. 111). 
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This precaution should be especially observed at that time of 
day at which refraction is greatest. 

153. Speed in Leveling.—The speed with which levels 
can be run varies greatly with the accuracy desired, the 
character of the country, the atmospheric conditions, the 
method of running employed, and the levelmen and rodmen. 
In ordinary or flying levels, in which merely turning-points 
are taken and no great accuracy is aimed at and a self-reading 
rod employed, speeds of from 3 to 15 miles a working day are 
attainable, the lowest in very hilly country, the highest on 
comparatively flat plains. Angineering levels of considerable 
accuracy, such as the primary spirit-levels of the Geological 
Survey, are run at speeds varying under average conditions 
from 50 miles to g0 miles per month of about twenty work- 
ing days. 

Strange as it may seem, precise levels are run with a 
generally higher average speed than are the ordinary levels 
above cited. One reason is because they are invariably run 
over the best and most favorable grades, generally following 
the lines of railways. The chief reason is because they are 
run with two rodmen, so that no time is lost by the levelman 
or rodmen waiting for one another to move to the next posi- 
tion. The geodesic levels of the Coast Survey have been run 
in recent years with speeds of from 3 to 5 miles a day, the 
greater speed being made under favorable atmospheric con- 
ditions. The precise levels of the Geological Survey are run 
with greater speed, the average for the seasons 1896 to 1899 
’ varying between 4 and 8 miles per day as limits. 

154. Cost of Leveling.— Necessarily the cost of leveling 
varies according to the character of the work. A party 
which is organized for a long season of work will operate less 
expensively than one which is placed in the field for but a 
short period of time. The following estimates are based on 
seasons of at least several months’ duration. 

Ordinary or flying levels run by the Geological Sur- 
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vey along good roads in New England with a party consist- 
ing of levelman and rodman only, living on the country, 
average a cost of $2.50 per linear mile. The primary or 
engineering levels of the same organization run by a level- 
man and rodman only, but over all sorts of routes, since they 
are compelled to place a bench-mark once in every thirty- 
six square miles, and where subsistence is had either in hotels 
or farm-houses or in camp, vary in cost from $6.50 per 
linear mile in rough mountain country like the Adirondacks, 
West Virginia mountains, or Oregon, as one extreme, to 
$3.50 per linear mile in flat country like Alabama, western 
New York, and the Mississippi valley. 

Where the work is executed in the best manner, as above 
described, and the rod is set only on turning-points and not 
on intermediate stations, a fair estimate of the cost can be 
had from an inspection of Table XIII giving the result 
of the work done by the various leveling parties working 
in different States and under different climatic and topo- 
graphic conditions for the U.S. Geological Survey during 
the field season of 1896. The bench-marks enumerated were 
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of the permanent metal forms (Fig. 100), and these added 
somewhat to the cost. Where less careful work is attempted, 
the cost may be reduced as much as one-half for each kind of 
country, and where intermediate stakes are set, say for every 
one hundred feet for railway leveling, the cost will be 
increased by at least one-half. 

Precise leveling executed in connection with city surveys 
is necessarily more expensive and scarcely as accurate as that 
carried on elsewhere, because of the annoyance and jarring 
from passing vehicles, rapid alternation of sunshine and 
shadow about buildings, etc. In the precise leveling done in 
connection with the survey of the city of Baltimore, there 
were run 141 miles of double line, in the course of which 
there were established 606 permanent bench-marks, or one to 
every 1228 linear feet. As the area of the city survey was 
30 square miles, there were established 20 bench-marks per 
square mile. The computed probable error of the work was 
about 0.003 of a foot per mile, about the same being the 
probable error of the precise leveling in the city of St. Louis. 
The cost of precise leveling in the city of Baltimore for field 
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and office work averaged $23.56 per mile, that for the city of 
St. Louis averaging $45.38 per mile. 

155. Long-distance Precise Leveling.—In running pre- 
cise levels it may occur that, owing to unusual physical condi- 
tions, the line cannot bé carried forward by short and equal 
foresights and backsights, as in crossing an expanse of water. 
Under such circumstances, long sights, involving special 
methods of observation and reduction, become necessary. In 
. long-distance leveling, in order to attain the accuracy of pre- 
cise leveling, instrumental and atmospheric errors are elimi- 
nated by taking simultaneous reciprocal observations. 

The instrument employed should be a good precise level, 
and the rods should be provided with large targets up to 12 
inches square for distances of two miles. The target should 
be painted one color, preferably red, with a white band across 
its center, one to two inches wide at the outer edge of the 
target and narrowing to ¢ inch wide at the opening in the target 
center, this white streak to be bisected by the cross-hairs, and 
provided with a cross-wire opposite its center for convenience 
in target reading. The instruments and rods should rest on 
solid foundations, and in leveling across water, the more usual 
case in which such work is done, the telescope should be 10 
to 15 feet above the water surface to avoid extreme refrac- 
tion. The instrument should rest on a platform independent 
from any surrounding platform on which the observer may 
stand. 

In such a piece of work conducted by Mr. Gerald Bagnall 
for the U. S. Engineer Corps at Galveston, Texas, platforms 
had to be erected in the water, and owing to the unstable 
character of the bottom an apron of rubble was placed around 
them. The corners and supports for the instruments were 
heavy piles driven 16 feet into the bottom, well braced hori- 
zontally and diagonally. Rocks were placed around the out- 
side piles, and rows of sheet-piling were driven along them. 
A reference bench-mark was placed near each instrument and 
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nearly at right angles to the directions of the line joining the 
two instruments, so that the long sight of both observers 
might be equal. Each leveling party consisted of an observer, 
a recorder, rodman, umbrellaman with the instrument, and an 
-assistant to signal and watch signals with the glasses.  Sziu/ta- 
neous reciprocal observations were taken with the two instru- 
ments, one at each end of the line, in order to eliminate the 
error due to refraction, and this was effected by signaling be- 
tween the two so that the targets were set at the same moment. 

The errors which have to be eliminated by this system are: 

1. Those due to the inclination of the bubble and to collima- 
tion, which are eliminated by each instrument independently. 

2. Those due to curvature and refraction, which are 
eliminated by the simultaneous reciprocal observations. 

3. Those due to the inequalities of pivot-rings of both 
telescopes, which are eliminated by the observers changing 
stations and repeating the observations. 

A set of observations at each station should consist of at least 
four rod readings taken with telescope and level direct and re- 
versed, thus: fst, telescope and level direct; 2d, telescope direct 
and level reversed; 3d, telescope inverted and level reversed ; 
4th, telescope inverted and level direct. When a sufficient 
number of sets of observations have been taken the observers 
change stations and repeat the operation, determining the 
true difference of elevation of the reference bench-marks, from 
which the heights of instruments for the long sights are deter- 
mined. The maximum distance at which satisfactory results 
may be obtained depends on the instrument used and the con- 
ditions surrounding the work. With an instrument having a 
powerful object-glass, and high magnifying power being used, 
fair results may be obtained at distances up to two miles. 

Another example of long-distance leveling is given here 
from the observations from one of three days in which the 
precise levels of the U.S. Geological Survey were carried 
across the Tennessee River by Mr. W. Carvel Hall, the 
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greatest length of sight being 1810 ft. (Fig. 110.) In this. 
work a 4-second bubble was used and a 40-diameter magni- 
fying power. Lozenge-shaped pieces of paper, 0.07 ft. in 
width, were placed on the targets as markers. The sights 
were 85 ft. clear above the river surface. Two reference 
points, A and D, were placed on the near bank at distances 
of 15 and 20 ft. respectively, as backsights in the forward 
crossing, these being terminal points in the regular line. On 
the far bank of the river two other reference points were 
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placed, both at a distance of 48 ft. beyond the instrument, 
but at some little distance apart one from the other, and these 
became rear turning-points in the continuation of the regular 
-line. The foresights taken from the near bank on the two 
lines, after backsighting on the reference points, were respec- 
tively 1785 and 1790 ft. in length, and the backsights taken 
from the far bank to the rods on the near bank, which were 
placed on the reference marks as turning-points, were respec- 
tively 1805 and 1810 ft., or sufficiently close to the length of 
the foresights to practically eliminate errors due to curvature. 
The errors due to refraction were eliminated as far as possi- 
ble by observing at such times in the day as refraction was 
least, namely, late in the morning, and when the day was 
slightly cloudy, the atmosphere still, and there was no per- 
ceptible “* boiling?” 
different times on another day under different atmospheric 
conditions. 

From the instrument position I on the near bank a read- 


of the air; also by observing at three .. | 
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ing was first made on rear reference point 4, and then ten 
readings were made on fore reference point B on the other 
side of the river; then a reading was made on reference point 
D on the second line, and ten readings were made on the dis- 
tant point C across the river. Likewise, from instrument 
position 2 on the far bank one reading was made on reference 
point 4, and ten on the distant back turning-point A on the 
rear bank; also one on the near reference point C, and ten on 
the distant reference point D on the rear bank. The follow- 
ing are the results of the four sets of observations: 


5301 ¢ 6.076 catia 4.295 
5.319 6.096 4.219 4.293 
Bel 2 6.109 4e2 33 4.288 
5.329 6.108 40272 4.299 
5-324 6.094 4.242 4.307 
5.318 6.103 4.249 4.300 
5-338 6.109 4.225 4.304 
5.301 6.105 4.247 4.292 
5-317 6.091 4.245 4.282 
5.319 6.098 4.224 453,00 
Means: 5.318 6.099 Ao t7 4.297 


The resulting elevations of the two turning-points on the 
far bank, as obtained from the above observations, were, in 
feet: 

Turning-point 571 + 3675: from east bank, 807.211; from 
west bank, 807.203; mean, 807.207; extreme difference of 
elevation, 0.008. 

Turning-point 571 + 3670: from east bank, 805.523; from 
west bank, 805.514; mean, 305.518; extreme difference of 
elevation, 0.009. 

The divergence of the lines for this day’s work was: at the 
east bank, 0.911 ft.; at the west bank, 0.927 ft. 

156. Hand-levels—A_ very useful little instrument for 
the topographer is the hand-level, by which approximate level 
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lines can be determined for some distance from the position 
of the observer and thus aid him in following the course of 
level or contour lines. This instrument consists of a brass 
tube six inches in length with a small level on top near the 
object end. (Fig. 111.) Beneath is an opening through which 
the bubble can be seen. as reflected from a prism into the eye 
at one end. Both ends are covered by plain glass, while there 
is asmall semi-convex lens in the eye end to magnify the level- 
bubble and the cross-wires beneath the bubble. The cross- 
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wires are fastened to a small frame moving under the bubble- 
tube, and are adjusted in place by a small screw at the end of 
the bubble-case. By standing erect and sighting any object 
and lowering or raising the object end of the level by hand 
until the reflection of the bubble is exactly bisected by the 
cross-wires, a horizontal line will then be sighted and the po- 
sition of the horizontal cross-wire will indicate approximately 
the elevation of any object which is at the same height as the 
eye of the observer. 

157. Using the Locke Hand-level.—There are two ways 
of leveling with the Locke hand-level. One is for the ob- 
server to stand erect, measure the height of his eye against 
a pole and note this height—say five feet. Then he directs 
the hand-level at the side of a hill or of a tree-trunk and 
notes where the horizontal wire intersects this. Then this 
object is at exactly the height of his eye above the ground, 
or five feet. Moving forward to it and standing with his 
fect on a level with this object, he is raised five feet, and, 
continuing the process, he levels along differences of five feet 
in elevation at a time. 
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In sketching contours the hand-level is used differently. 
Standing on the ground and knowing his elevation, he adds 
to that the height of his eye. Then sighting along the slopes 
of the land with the Locke level, he observes where the hori- 
zontal line strikes the hillsides, and knows that such points are 
ona level with his eye, or five feet above the contour on which 
he stands, and he is thus able to sketch that contour with a 
considerable degree of accuracy. 

The topographer can with the Locke level determine the 
elevations of points about him which are but a little above or 
below his height, by sighting them and estimating the dis- 
tance above or below the level line as indicated by the cross- 
hair. If the points are at any considerable distance, he must 
make allowance for curvature and refraction. Great reliance 
must not be placed, however, on the accuracy of this instru- 
ment, as its results are but approximate. 

158. Abney Clinometer Level.—This is but an English 
modification of the Locke level, and is most useful in estimat- 
ing the angles of slope, or grades, and thus in sketching con- 
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tours. It is also useful in reading rough vertical angles. 
Where a traverse plane-table (Art. 61) is used, however, it is 
more accurately replaced by a vertical angle sight-alidade 
(Art. 62). Attached to a hand-level is a small telescope 
revolving about a vertical arc graduated to 60 degrees on 
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either side of zero when the instrument is held level (Fig. 
112). It can be used as the Locke level, and also with 
considerable accuracy by resting the tube, which is square, 
on a plane-table board or other surface which can be leveled. 
Having leveled the tube by holding it in the hand or resting 
it on a plane-table and noting that it is level by bringing the 
bubble against the horizontal cross-hair, the small telescope 
is then directed up the slope and the angle of the slope read; 
or it is directed at some object the distance of which is 
known, and with the angle read the difference in height can 
be computed (Art. 160). 


CPE PPE Re VET: 
TRIGONOMETRIC LEVELING. 


159. Trigonometric Leveling.—Trigonometric leveling 
is the process of determining the difference in elevation be- 
tween two points by means of the angle measured at one of 
them between the horizontal or level line and the other; or 
by measuring the zenith distance of the other. This method 
of leveling is especially suited to finding the heights of sta- 
tions in a triangulation survey, and in connection with stadia 
traverse. In triangulation the vertical angles are measured 
with the same instrument as are the horizontal angles. In 
stadia and odometer traverse the vertical angles are measured 
with the same instrument and at the same time as is the 
distance or the deflection angle. 

Trigonometric leveling is primary or secondary in quality, 
depending upon the instruments and methods employed. In 
either a vertical angle is observed to the point the height of 
which is to be determined, and this, with the distance between 
the occupied and the observed points, gives the quantities 
necessary to determine their difference in elevation. Primary 
trigonometric leveling is performed by measuring at one sta- 
tion, with the vertical circle of a large theodolite (Art. 241), 
the double zenith distance (Art. 297) of the signal at the other 
station; or by the measurement, by means of a micrometer 
inserted in the eyepiece of the telescope (Art. 242), of the 
differences in altitude between different stations, in connec- 
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tion with a reference mark the absolute height of which, or 
its zenith distance, has been previously obtained. Secondary 
trigonometrical leveling, or, as commonly called, vertical angu+ 
latign, is performed with a small theodolite or with a tele- 
scopic alidade (Art. 59), and consists of direct measurement 
of the angle between stations observed and the horizon, as 
the latter is determined by the level-bubble on the instru- 
ment. A similar series of observations is taken at each suc- 
cessive station, and if the elevation of one of these is known 
the elevations of the others can be computed. 

‘In the process of trigonometric leveling, the height of the 
telescope above ground and the height of the signal must be 
carefully measured and made a part of the record, also the 
- hour of making the observation, as in accurate work this hasa 
bearing upon the correction for refraction. In trigonometric 
leveling of primary order the state of the level at the com- 
mencement and end of the observation, and observations 
made to determine value and sequence of arc corresponding to 
a turn of the micrometer-screw, become a part of the record, 
as does also the object sighted. 

The best results are obtained by measuring reczprocal 
zenith distances at two stations at the same moment of time, 
in which case the conditions of atmosphere are practically the 
same and the effects of refraction are eliminated. When re- 
ciprocal zenith distances are measured, not simultaneously 
but by the same observer on different dates, these should be 
made on various days from each station in order to obtain as 
far as possible a mean value of the angle and an average value 
of the refraction. The relative refraction (Art. 166) may be so 
different between various stations at distances greater than 15 
or 20 miles apart as to seriously affect the results unless a very 
large number of measures are taken on numerous and favorable 
days. The higher the elevation at which observations are 
-made the more reliable the results; also, the larger the num- 
ber of stations included in a scheme of vertical triangulation 
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the better the results, owing to the possibility of the adjust- 
ment of the whole. 

The results obtained by trigonometric leveling are of far 
greater accuracy than ordinarily supposed. The best work of 
this kind is that executed by the U. S. Coast and Geodetic 
Survey in connection with its transcontinental belt of primary 
triangulation. Checks on these levels have been obtained by 
means of precise spirit-levels to some of the triangulation 
stations. At. St. Albans base near Charleston, W. Va., the 
elevation by triangulation brought from the Atlantic coast is 
594.78 feet. The elevation of the same point by precise 
spirit-levels from Sandy Hook via Chillicothe is 595.616 feet, 
a difference of only 0.836 feet, which is much better than 
could be expected from spirit-levels of less accuracy than 
precise quality would produce. 

160. Vertical Angulation.—This term is used to desig- 
nate the process of obtaining elevations by angular methods 
of ordinary quality, as by telescopic alidade used with plane- 
table or by the vertical circle of a transit instrument. In 
this work the distances and angles are measured with only 
approximate accuracy because of the qualities of the instru- 
ments employed, the signal sights had are not clearly defined 
and accordingly corrections for curvature and _ refraction 
(Art. 166) are made but approximately. Instead of having 
a vertical arc which can be set at zero when the level- 
bubble attached to the telescope is leveled, it is better to 
record an index error and correct the angle for this. Thus 
the telescope is made level by the bubble, and the reading on 
the vernier is recorded under the title zzdex error. Then the 
cross-hairs are directed to the object the elevations of which 
are to be determined, and the vernier is again read. The 
difference between the two readings gives the angle between 
the object sighted and the horizon, and is recorded in the 
notes as plus or minus. To apply the correction to vertical 
arc to the vertical angle attention must be paid to the signs; 
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for a plus error in vertical arc subtract the error from plus 


angles and add to minus angles. 
An example of the mode of keeping such notes is as 


follows: 


Station, XXIII. Elevation, 2960’. 
Date, Nov. 16, 1898. 


eee ; 
Description of Point Sighted.] No, |Point.|Level.| Angle. aie ayes Elev. oie 


° , ° 4 ° / 
Katty Gobbles Top. selene XV | 14.09] 13 10/+0 59] 2.93 270/ 3236 3239 
Wolf Lake house; base..... .| 15-3 | 10 02] 14 03 |— 4 o1] 1.02 377 2583 
Top of ledge over Brooktrout} 17-9 | 13 07 | 14 12|— 1 05] 1.43 138 2822 2824 
Russia; cupola red barn,.... I 13.00/14 12/— 1 12| 1.01 110 2850 


In vertical angulation corrections to the observed angles 
must be made for curvature and refraction (Art. 166), which 
may be taken from tables (Tables XVI and XXX1J), also for 
the height of the instrument above ground surface and the 
height of signal. (See Table XV and example Art. 163, also 
Art. 239.) The correction for difference between the heights 
of signal and instrument above ground may be computed by 
the formula 

h 


Corie<= 2 
ad sine 1’ 


eae er on CVA, 
in which d@ is the distance between stations, and % the differ- 
encejinj height (Art. 230.) Or, with) fair approxiniations ja 
correction may be made by determining the differences in ele- 
vation observed, adding to the known height of the occupied 
station the height of the telescope above it before making 
the computations, and subtracting from the result or com- 
puted elevation of the station sighted at, the height of the 
target above ground. 

To sight the telescope on visible pozuts of equal elevation 
the correction for curvature and refraction must be applied to 
the vernier reading, that is, the vernier must not be set at 
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zero, but at a minus angle the number of minutes of which is 
nearly three-eighths of the distance in miles. 

161. Vertical Angulation, Computation.—The quantity 
entered in the azstance column above is measured directly on 
‘the plane-table board or on the map. Inthe number column 
is the number of the station corresponding to the summit 
sighted if it has been occupied already; or if the point has 
been sighted from some other station, the number of the 
pointing which was given from that station; or if it has never 
been sighted for the other station, it is given a new number 
for the occupied station. Under the columns fozut and Jevel 
are placed the angles read when the instrument is pointed at 
the object and when the telescope is leveled, providing it is an 
instrument which has not an adjustable vernier. In the col- 
umn aifference of elevation is placed a quantity either com- 
puted (Art. 164) or taken from a simple table. 

Table XV is one which can be used for determining 
angles of elevation or depression up to any distance. For the 
first angle, for instance, take out 59’ in the first column of 
the table. In the second column, that headed o°, the differ- 
ence of height is found corresponding to the unit distance one 
mile, and this is 90.6. This quantity multiplied by the dis- 
tance in miles, 2.93, gives a difference of elevation of 265.5 
feet. The correction to curvature and refraction for 2.93 
miles is 4.8 feet, which is always additive. As the angle in this 
case is positive the total difference of elevation is 270.3 feet. 

For all distances less than 1.6 miles the correction to cur- 
vature and refraction may be taken as 5 feet, as the height of 
instrument, about 4.5 feet, has to be added. 

Under the column adjusted elevation, in the above exam- 
ple, is given the final height of the point as obtained by aver- 
aging its elevation as determined from several stations. 

162. Vertical Angulation in Sketching.— The elevations 
of positions occupied by the topographer while sketching 
(Arts. 13 and 17) may be checked in practically the same 
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TABLE XV.—DIFFERENCES OF ALTITUDE FROM 


. . _ f+ Dh, + hy for angles of elevation. 
Difference of altitude ={ = Diy + hs for angles of depression. 


0° ie Ze 3° 4° 5° 6° 7° 
hy hy hy Ny hy hy hy hy 
J feet. feet. feet. Feet, feet. feet. feet. feet. 
° 0.0 92.2 184.4 276.7 369.2 461.9 555-0 648.3 
1 1.5 93-7 185.9 278.2 370-7 463.5 556.5 649.9 
2 Bie 95.2 187.4 279-8 372.5 465.0 558-0 651.4 
3 4.6 96.8 189.0 281.3 373.8 466.6 559-6 653-0 
4 6.1 98.3 190.5 282.9 375-4 468.1 561.2 654-5 
5 7.7 99-8 192.1 284.4 376.9 469.7 562.7 656.1 
6 9-2 101.4 193.6 286.0 378.5 471.2 564.3 657-7 
a 10.7 102.9 195.1 287.5 380.0 472.8 565.8 659.2 
8 12.3 104.4 196.7 289.0 381.6 474-3 567.4 660.8 
9 13.8 106.0 198.2 290.6 383.1 475-9 568.9 662.3 
10 15-4 107.5 199.8 292.1 384.6 477-4 570-5 663.9 
11 16.9 109.1 201.3 293-7 386.2 479.0 572.0 665-5 
12 18.4 110.6 202.8 295.2 387.7 480.5 573-6 667.0 
13 20.0 112.1 204.4 296.7 389-3 482.1 575-1 668.6 
14 21.5 113.7 205.9 298.3 390-8 483.6 576.7 670.1 
15 23.0 115.2 207.5 299.8 392-4 485.2 578.2 671.7 
16 24.6 116.7 209.0 301.3 393-9 486.7 579-8 673-3 
17 26.1 118.3 210.5 302.9 305-5 488.3 581.3 674.8 
18 27.6 119.8 212.1 304.4 397-0 489.8 582.9 676.4 
19 29.2 121.4 213.6 306.0 398.6 491.3 584.4 677-9 
20 "30.7 122.9 215.1 307.5 400.1 492.9 586.0 679-5 
21 32.3 124.4 216.7 309.1 4or.6 494-5 587.6 68t.t 
And 33.8 126.0 218.2 310.6 403.2 496.0 589.1 682.6 
23 35+3 127.5 219.8 312.1 404-7 497-6 590.7 684.2 
24 36.9 129.0 Bay 33 BIBT 406.3 499-1 592-2 €85 7 
25 38.4 130.6 222.8 315-2 407.8 500-7 593-8 687.3 
26 39.9 132.1 224.4 316.8 409.4 502.2 505-4 688 9 
27 41.5 133.6 225.9 318.3 410.9 503-8 596.9 690.4 
28 43-0 135.2 227.4 319.9 412.5 505-3 598.5 692.0 
29 44.5 136.7 229.0 321.4 414.0 506.9 600.0 693.6 
30 46.1 138.3 230.5 322.9 415-5 508.4 601.6 695.1 
31 47.6 139.8 232.1 324.5 417.1 510.0 603.1 696.7 
32 49.2 141.3 233.6 320.0 418.6 Sti 5 604.7 698.2 
33 50.7 142.9 235.1 327.6 420.2 513-0 606.2 699.8 
34 52.2 44.4 236.7 320.1 421.7 514.6 607.8 JO1.4 
35 53-8 146.0 238.2 330.6 423.3 516.2 609.3 702.9 
36 55.3 147.5 239.8 332.2 424.8 517.7 610.9 704.5 
37 56.8 149.0 241.3 333°7 420.4 519.3 612.5 7060.1 
38 58.4 150.6 242.8 335-3 427.9 520.8 614.0 707.6 
39 59.9 152.1 244.4 330.8 429.5 522.4 615.6 709.2 
40 6t.4 153.6 245.9 338.4 431.0 523-9 617.1 710.7 
4l 63.0 155-2 247.5 339.8 432.6 
F . 39+ : 525.5 618.7 12.3 
42 €4.5 156.7 249.0 341.4 434.1 527.0 620.2 oe 
43 66.0 158.2 250-5 343-0 435.6 528.6 621.8 71564 
He 67.6 159.8 252 1 344-5 437.2 530.1 623.3 717.0 
5 69.1 161.3 253.6 346.1 438.7 531.7 624.9 718.6 
46 70.6 162.9 255.1 347.6 440.3 
fs as 533-2 626. 20.1 
47 72.2 164.4 250.7 349.1 441.8 534.8 6285 a 
48 73+7 165.9 258.2 350.7 443-4 530-3 629.6 723.3 
56 75-3 167-5 259.8 352-2 444.9 537-9 631.1 724.8 
8 76.8 169.0 261.3 353.8 446.5 539 4 632.7 720.4 
51 78.3 170.6 262.8 35503 448 
1 d 5 48.0 541.0 634.2 28.0 
52 79-9 172.1 264.4 350.9 449.6 542.5 aoe ete 
58 81.4 173.6 265-9 358-4 451-1 544-1 637-3 73161 
54 ero 175.2 267.5 360.0 452.7 BAG er 638.9 73267 
" ee 176.7 269.0 361.5 454.2 547.2 640.4 734.2 
56 me) 178.2 270.5 363.0 455-8 8. 6 5 
57 87.5 179.8 272.1% 36406 457+3 ee be 735.8 
58 89.1 181.3 LU keOe) 366.1 458.9 551.8 Gist ate 
ae 90.6 182.9 275.2 367.7 460.4 553-4 646.7 oan 
Hi g2.2 184.4 276.7 369.2 461.9 555-0 648.3 742.0 
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OR DEPRESSION. 
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D = distance in miles, a = angle of elevation or depression; 
A, = 5280 ft. X tan a; Ag = correction for curvature and re- 


Corrections for curvature 
and refraction (always to 


fraction. Argument for 4, isa; argument for 4g is D. be added algebraically). 
8° 9° 10° Jie US 13° 14° 15° 

hy hy hy hy hy hy hy ey D Ng D Ng 
feet. © feet: feet feet. feet, feet. feet. feet. |miles | feet. |/miles.| feet 
742.0} 836.3 y31.0 | 1026.3 | 1122,3 | 1219.0 | 1316.5 | 1414.8 1.0 0.6 Fist he lyons] 
743.6) 837.8 932-6 | 1027.9 | 1123.9 | 1220.6 | 1318.1 ) 1416.4 reo 0.7 5.6 | 18.0 
745-2| 839-4 | 934.2 | 1029.5 | 1125.5 | 1222.2 | 1319.7 | 1418.0 Test hOus 5.7 | 18.6 
740.7| 841.0 935-8 | 103r.r | 1127.1 | 1223.8 | 1321.3 | 1419.7 1.3 1.0 5-8 | 19.3 
748.3) 842 6 937-3) | 1032.7 ||, 1128.7), 1225.5) | 7323.0 | 1427.3 med agh 5.9 | 20.0 
749.9] 844.1 | 938.9 | 1034.3 | 1130.3 | 1227.1 | 1324.6 | 1423.0 | 1.5] 1.3 || 6.0] 20.6 
75t-4| 845-7 | 940.5 | 1035.9 | 1131.9 | 1228.7 | 1326.2 | 1424.6] 1.6] 1.5 || 6.1 | 21.3 
753-0| 847.3 | 942.r | 1037.5 | 1133-5 | 1230.3 | 1327-9 | 1423.9 | 1.7] 1.7 || 6.2] 22.0 
734-6] 848.9 | 943.6 ) 1039.1 | 1135.2 | 1231.9 | 1329.5 | 1427.9 | 1.8 | 1.9 |) 6.3 | 22.8 
756.1] 850.4 | 945.3 | 1040.7 | 1136.8 | 1233.6 | 1331.1 | 1429.6 1.9 2.1 6.4 | 23.5 
757+7| 852-0 | 946.8 | 1042.3 | 1138.4 | 1255.2 | 1332-8 | 1431-2 | 2.0 | 2.3 6.5 | 24.2 
759-3} 853-6 | 948.4 | 1043.8 | 1140.0 | 1236.8 | 1334.4 | 1432.9 | 2.1 | 2.5 6.6 | 25.0 
760.9] 855.2 | 950-0 | 1045.4 | 1141.6 | 1238.4 | 1335.0 | 1434.5 | 2.2 | 2.8 || 6.7 | 25.7 
762.4} 856.8 | 951.6 | 1047.0 | 1143.2 | 1240.0 | 1337.7 | 1436.2 | 2.3] 3.0 6.8 | 26.5 
765.0} 858.3 953-2 | 1048.6 | 1144.8 | 1241.7 | 1339.3 | 1437-8 2.4 | 353 6.9 | 27.3 
765.6] %59.9 | 954-7 | Toso.2 | 1146.4 | 1243.3 | 1340.9 | 1439-5 | 2.5 | 3-6 |] 7.0] 28.1 
767.1| 861.5 956.3 | 1051.8 | 1148.0 | 1244.9 | 1342.6 | 1441.1 2.6 3.9 Jat | 28.9 
768.7} 863.0 | 957-9 | 1053-4 | 1149.6 | 1246.5 | 1344.2 | 1442.8 | 2.7 | 4.2 7.2 | 29.7 
770-3} 864.6 | 959-5 | 1055.0 | 1151.2 | 1248.1 | 1345.8 | 1444.4 | 2.8 | 4.5 7-3 | 30-5 
771.8| 866.2 | 961.1 | 1056.6 | 1152.8 | 1249.8 | 1347-5 | 1446.1 2.9 | 4.8 4 | 3004 
773-4| 867.8 962.7 | 1058.2 | 1154.4 | 1251.4 | 1349.1 | 1447.7 3.0 5.2 7.5 | 32.2 
775-0| 869.4 | 964.3 | 1059-8 | 1156.1 | 1253.0 | 1350.8 | 1449.4 | 3.1] 5-5 7.6 | 33.1 
776.5| 870.9 | 965.9 | 1061.4 | 1157.7 | 1254 6 | 1352.4 | 1451.0 | 3.2] 5.9 7-7 | 34.0 
778.1| 872.5 967.5 | 1063.0 | 1159.3 | 1256.2 | 1354.0 | 1452.7 3-3 6.2 7.8 | 34.9 
779-7} 874-1 | 969.0 | 1064.6 | 1160.9 | 1257-9 | 1355-7 | 1454-4 | 3.4 | 6.6 || 7.9 | 35.8 
781.3} 875-7] 970-6 | 1066.2 | 1162.5 | 1259.5 | 1357-3 | 1456.0] 3.5] 7.0 || 8.0] 36.7 
82.8] 877. 2.2 | 1067.8 | 1164.1 | 3261.1 | 1358.9 | 1457-7 | 3.6] 74 8.1 | 37.6 
baat 853.8 ae 1069.4 | 1165.7 | 1262.7 | 1360.6 | 1459.3 3.7 | 768 8.2 | 38.6 
786 o| 880.4 | 975-4 | 107-0 | 1167.3 | 1264.4 | 1362.2 | 1401.0 | 3.8] 8.3 8.3 | 30.5 
787.5) 882.0 977-0 | 1072.6 |! 1168.9 | 1266.0 | 1363 9 | 1462.6 3-9 8.7 8.4 | 4c.5 
785.1| 883.6 978-6 | 1074.2 | 1170.6 | 1267.6 | 1365.5 | 1464.3 4200 Oe 8.5 | 41.4 
790:7| 885.1 | 980.1 | 1075.8 | 1172.2 | 1269.3 | 1367.1 | 1465.9 | 4.1] 9.6 8.6 | 42.4 
792-2| 886.7 98t.7 | 1077-4 | 1173-8 | 1270.9 | 1368.8 | 1467.6 4.2 | 10.1 8.7 | 43.4 
793 8! 888.3 | 983-3 | 1079-0 | 1175.4 | 1272.5 | 1370.4 ) 1469.2 | 4.3 | 10.6 8.8 | 44.4 
705-4| 889.9 984.9 | 1080.6 | 1177.0 | 1274-1 | 1372.1 | 1470.9 4g | DE 8.9 | 45-4 
797-0! 891.5 986 5 | 1082.2 | 1178.6 | 1275.7 | 1373-7 | 1472.5 4.5) |), 1066 9-0 | 46.4 
708.5] 893.0 988.1 | 1083.0 | 1180.2 | 1277.4 | 1375-3 | 1474.2 4.6 | 12.1 9.1 | 47-5 
800.1} 894.6 980.7 | 1085.4 | 1181.8 | 1279.0 | 1377-0 | 1475.9 47 12,7 g.2 | 48.5 
801.7| 896.2 go1.3 | 1087.0 | 1183.4 | 1280.6 1378.6 | 1477.5 4. 13.2 9-3 | 49.6 
803.2} 897.8 992.9 | 1088.6 | 1185.0 | 1282.2 1380.3 | 1479-2 4-9 | 13.8 O41) SORT 
804.8} 899-4 | 994.5 | 1090.2 | 1186.7 | 1283.9 | 1381-9 | 1480.8 | 5.0 | 14.3 9-5) |) Site 7: 
806.4} g00.9 996.0 | rogr.8 | 1188.3 | 1285.5 | 1383.5 | 1482-5 5% | 2409 9-6 | 52.8 
807.9] go2-5 997-6 | 1093.4 | 1189.9 | 1287-1 | 1385.2 | 1484.1 5-2) | 1565 G.7 | S359) 
859.5] 904-T 999-2 | 1095.0 | 1191.5 | 1288 8 | 1386.8 | 1485.8 Ssh) LO. 9.8, ill 55% 
811.1} 905.7 | 1000.8 | 1096.6 | 1193.1 | 1290.4 | 1388.5 | 1487.5 Sade LOR, 9-9 | 56.2 
812.7] 907-3 | 1002.4 | 1098.2 | 1194.7 } 1292-0 | 1390.1 | 1489.1 ‘5.5 bh 703 ¥o.0 | 57.3 
814.2] 908.8 | 1004.0 | 1099.8 | 1196.3 | 1203.7 | 1391-8 1490.8 

815.8! gro.4 | 1005.6 | tror.4 | 1147-9 | 1295-3 | 1393-4 | 1492-4 

817.4] 912.0 | 1007.2 | 1103.0 | 1199.6 | 1296.9 | 1395.0 | 1494-1 

819.0] 913.6 | 1008.8 | 1104.6 | 1201.2 | 1298.5 | 1396.7 | 1495-8 

820.5] 915.2 | 1010.4 | 1106.3 | 1202.8 | 1300.2 | 1398.3 | 1497-4 

822.1] 916.7 | 1012.0 | 1107.9 | 1204.4 | 1301.8 | 1400.0 | 1499.1 

| 823.7] 918.3 | 1013.6 | 1109.5 | 1206 o | 1303-4 1401.6 | 1500.7 

825.2| g1g.g | rors.2 | 1114.1 | 1207.7 | 1305.0 | 1403.3 | 1502-4 

826 8| o21.5 | 1016.8 | 1112.7 | 1209.3 | 1306.7 | 1404.9 | 1504.1 

828.4) 923.1 rorees 1114.3 | 1210.9 | 1308.3 | 1406.5 | 1595.7 

830.0! 924.7 | 1020.0 | 1115.9 | 1212-5 | 1309-9 1408.2 | 1507.4 

831.5] 926.2 | 1021.5 | wt17-5 | 1214.1 1311.6 | 1409.8 | 1509 © 

833.1) 027 8 | 1993.1 | I1I9.r T2515. ||) Latg.2 | LATO. 5, |) 1510-7 

834.7) 029.4 | 1024 7 | 1120.7 | 1217.4 1314.8 | 1413.1 1502.4 

836-3 931.0 | roz6.3 | 1122.3 | 1219.0 | 1316.5 1414.8 | 1514.0 B 
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manner as vertical angulation is conducted in the course of 
traverse-work (Art. 163). While sketching, the topographer 
has before him on his plane-table board all of the plotted 
control, including positions of triangulation stations, of 
adjusted traverse lines, and of points intersected from the 
traverses (Art. 84). Assuming now that he has been sketch- 
ing for some little time by means of an aneroid adjusted at 
some fixed elevation along the route of his traverse (Art. 176), 
and it becomes desirable either to check the aneroid or to deter- 
mine the elevation of some nearby point which he is sketching. 

Setting up the plane-table at a known position he reads an 
angle with the telescopic alidade or vertical-angle sight-alidade 
(Arts. 59 and 62) to some house on a neighboring road or 
hillside, or to some near-by summit which is plotted on the 
map, and this angle, with the distance measured on the plane- 
table sheet, furnishes the data from which to compute his 
height (Art. 161). Or, vice versa, knowing his elevation by 
an aneroid which has been recently checked, or being at some 
point the height of which has been determined by spirit-level 
or previous vertical angulation, he may determine the eleva- 
tion of other located points which are within view, as a house 
on a neighboring road or hillside, or a summit, by reading an 
angle to them with the alidade and measuring the plotted 
distance on the plane-table. In this way he may keep eleva- 
tions placed ahead of him on adjacent roads or hills over 
which he expects to travel, or he may bring those elevations 
to him after he has reached such positions. 

In all such vertical angulation, either performed in the 
course of traverse-work or of sketching, the topographer must 
bear in mind clearly the fact that the accuracy of the determi- 
nation is dependent on the distance and on the difference of 
elevation or degree of the angle read. The smaller the dis- 
tance the steeper may be the angle, and yet produce no great 
error; the greater the distance the smaller must be the angle. 
(Verify by Table XV.) Reliance should not be placed 
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where the scale is about one mile to one inch and the con- ~ 
tour interval about 20 feet on angles exceeding 2 degrees at 
distances of 2 or 3 miles. The same proportion holds true 
for different contour intervals and scales, and the degree of 
accuracy with which the base elevation is determined and the 
platted positions are fixed. 

163. Vertical Angulation from Traverse.—In traversing 
with the plane-table opportunity frequently arises to obtain 
the elevation of near-by points as referred to the known heights 
of the traverse stations; or, vice versa, the heights of the- 
traverse stations may be obtained by vertical angulation from 
points the elevation of which is already known. This is 
done by reading angles with the telescopic alidade or with 
the vertical-angle sight-alidade (Arts. 59 and 62) from some 
traverse station to the object the difference in elevation 
of which is to be determined. The angle read, together 
with the distance measured on the plane-table board, furnish 
data from which to compute or to obtain from tables the 
differences in elevation. By this meays the heights of trav- 
erse stations may be frequently obtained and the aneroid 
checked thereby, and then the heights of minor surrounding 
points may be obtained at intermediate stations on the trav- 
erse from the adjusted aneroid elevations. 

An example of traverse notes accompanied by vertical 
angulation is as follows: 


Date, Nov. 16, 1898. Traverse from Jonesboro, N. C.,to Walnut Grove, N.C. 


oe g « . 

3 . So | epee = 5 s 

re =| = aie +s = Go oer 

S 5 as) os aa £5 z o i Oe 3 

I S 3 ee | bam EI g op 2 4.2 2 

v x I o% on i) o q 2 Bao & 

4 n <q oO a Au 4 Q fa) a 
eS 3069" 
House..| + 25.1 + 2’ ro 15 00 | 15° 15’ |— 09 13’) 1.86 — 38’ | 3033 
Flag ...| — 26.25 +1 ° 14 56] 14 so |t+0 06| 1.46 +15 3049 
Flag ...| — 27.26 ° 15 00 | 14 53 |+0 07 .69 + 7 3056 


The angle used in the computation is the difference be- 
tween the angle read when pointing at the station sighted 
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and that when the telescope is horizontal, as shown by the 
striding-level (Art. 161). The distance is measured directly 
by stadia, odometer, chain, or upon the plane-table sheet 
(Arts. 102, 98, and 99). The difference of elevation is ob- 
tained by computation (Arts. 161 and 164). The correction 
to curvature and refraction (Art. 166) is applied to the dif- 
ference of elevation and gives a resulting elevation in the 
last column. Account must be taken of the height of in- 
strument, about 44 feet. Such an example would apply 
either to observations taken from stations to points about the 
traverse or, as in this case, to backsights and foresights on 
the traverse line. The fact of the sight being a backsight or 
a foresight is indicated by a + or — sign in the index 
column, which affects the application of the correction for 
curvature and refraction, as the latter is always algebraically 
positive. 

164. Trigonometric Leveling, Computation.—To de- 
termine the difference of elevation by zenith distances, let 
Z and Z’ =the measured zenith distances at the two sta- 

tions; 


D = the distance between stations, in meters; 


A = radius of curvature of the arc joining the two, 
in meters; 


C = angle at the center of the earth subtended by 
thissareoeand 


H and H’ = the heights of the two stations observed ;—then 


ey etal e 
FRc Whee hy eee ce 


HeneeD sing (2 S128) 
~ cosin HZ — Z’ GC); “hse 20) 


and Fai, 
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The value of R or of 


I 
Rosin’ ™yY be computed for 


different latitudes and for varying angles from Table XVI, 
based on Clarke’s Constants and taken from the report of the 
U.S. Coast and Geodetic Survey for 1877. 


TABLE XVI. 
LOGARITHMS OF RADIUS OF CURVATURE, &, IN METERS. 


4 Latitude. 
=! 
& 
i 2a? 26° 28° 30° 32° 34° 36° 
° 
Meridian.........| © |6.802479 6.802597 |6.802722 |6.802852 |6.802988 |6.803129 |6.803274 
5 2498 2615 2739 2869 3004 3145 3289 
10 e553 26€9 2791 2919 3052 3190 3332 
15 2644 2756 2875 3000 3130 3265 3404 
20 2766 2875 2990 Eboes 3236 3366 3500 
30 3093 3192 3206 3405 3518 3636 3757 
49 3496 3580 3671 3766 3864 3967 4072 
50 3923 3994 4070 4150 4233 4319 4407 
60 4325 4384 4446 4512 4580 4650 4723 
7° 4053 4702 4753 4807 4863 492 4980 
75 4776 4822 4869 4918 4969 5022 5076 
80 4867 4909 4953 4999 5047 5097 5148 
85 4923 4963 5006 5049 5096 5143 5192 
Perpendicular ...| 90 |6.804942 6.8c4981 |6.805023 |6.805066 |6.805112 [6.805159 [6.805207 
38° 40° 42° 440 46° 3 48° 50° 
Meridian ........| © |6.803422 6.803573 |6.803726 |6.803880 [6.804035 [6.804189 |6.804342 
5 3436 | 3580 3739 3892 4045 4199 4351 
10 3478 3626 3775 3926 4077 4228 4378 
15 3546 3690 3°35 3982 4130 4277 4423 
20 3637 3776 3917 4059 4201 4343 4484 
30 3880 4006 4133 4262 439 4519 4647 
40 417) 4289 4400 4511 4623 4735 4846 
50 4498 4590 4683 4777 4871 4965 5058 
60 4797 4873 4949 5025 5104 5181 5257 
7o 5041 5104 5166 5229 5293 5357 5420 
75 5133 5190 5248 5307 5364 5423 548 
80 5201 ; 5254 5308 5363 5417 5472 5526 


85 5242 5294 5345 5397 545° $502 5554 
Perpendicular...| go |6.805256 6805307 6.805358 {6.805409 |6.805460 [6.805512 |6.805563 


EXAMPLE. 


K = 23931".6......distance between two stations, Santa Cruz and Mount 
Bache, California. 


Z = 87° 35' 01.06 observed at Santa Cruz station, reduced to ground at 
Mount Bache. 


Z' = 92° 35’ 34.20 observed at Mount Bache, reduced to ground at Santa 
Cruz station. 


Ib = BV MOPICS 5 ebte ..mean latitude of the two stations. 


ANplet— ES 5aes ee. a angle made by line with the meridian. 
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COMPUTATION OF 2 — 7’. 


log Ge rorent ra i\oefee), ZAK 3 Raooe 5 00 33.14 bie hCe oe con ooboocs 4.3790 
colog R sini” 8.5101 4(Z’— Z),. 2 3016.57 log sin }(Z'— Z).... 8.6405 
Z'—~Z+C 5 1328.06 colog cos (Z’—Z+C) 0.0004 


log C . 2.8891 4(Z'—Z+C) 2 36 44.03 
C= 774.56 3.0199 
m 
IDNs NeS be Whats A bene g ooo Gon oboos OpOe cEb obo0cC VoD GopdobdGD 1046.90 
Santa Cruz station above mean tide—by spirit-level.................. 108 .87 
Mount) Bache above mean tide... 2 2 cnc eres cease ees cree cele “T1ss 77 


165. Errors in Vertical Triangulation.—In this class of 
leveling there are several sources of error, the most import- 
ant of which, perhaps, is the refraction of the atmosphere. — 
In vertical angulation (Art. 161) this may be compensated 
by applying approximate or mean corrections. In more pre- 
cise trigonometric leveling the amount of refraction should be 
determined by direct observation in order that the correction 
may be most accurately applied. The correction of largest 
amount is that for curvature, but this is accurately known. 
Other sources of error are due to— 

1. Errors of measurement of the distance between the 
objects; 

2. Errors of the instrument, both of graduation and of 
level-bubble; and 

3. Errors of pointing on the signal, or its height or defini- 
tion. 

Most of the exrors of instrument excepting those of gradu- 
ation may be eliminated by taking direct instrumental obser- 
vations on the object sighted and reading the level and verti- 
cal circle, then reversing the instrument in its wyes and again 
reading the angle. Half the difference of the reading would 
thus be corrected for the difference of level. Shifting the 
vertical circle and repeating the reading would aid slightly in 
further reducing the errors of graduation and observation. 
These errors are small, however, compared with the errors 
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arising from refraction, which can only be partially eliminated 
by observing on different days in order to get different atmos- 
pheric conditions. The best results in trigonometric leveling 
are to be obtained at such times of the day as refraction is 
least. $ 

166. Refraction and Curvature.—The coefficient of re- 
fraction or the proportion of intercepted arc is determined 
from the observed zenith distances to two stations, the rela- 
tive altitudes of which have been determined by the spirit- 
level; or from reciprocal zenith distances, simultaneous or 
not, under the assumption that the mean of a number of ob- 
servations taken under favorable conditions will eliminate the 
differences of refraction found to exist even at the same mo- 
ment at two stations a few miles apart. The difference of 
height from trigonometric leveling being dependent upon the 
coefficient of refraction multiplied by the square of the dis- 
tance, it is therefore evident that the longer the line the 
greater will be the error caused by any uncertainty in the co- 
efficient, and that there is therefore a limit to the distances 
for which any assumed mean values of refraction can be de- 
pended upon for accurate results. 

The coefficient of refraction is the angle of refraction di- 
vided by the arc of the earth’s circumference intercepted 
between the observer and the station observed. 

Let c= angle at the earth’s center, subtended by two 

Stators, sand s 3 
f= angle of refraction; and 
y = coefficient of refraction ;—then 


ies | i 
a erearet 4 + Z— 180 be 
if 
and Garis bottligerenen ihilt (30) 
The value of cin seconds can be found from the expression 
d 
cnc sorte nth ian distanced ii) 


Se sin: 
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in which d is the distance between the two stations, and y is 
the radius of the earth. 

Refraction is least and is comparatively stationary between 
g A.M. and 3 P.M. It is greatest early in the morning, and 
after 3 P.M. it increases in amount and variation to a maxi- 
mum during the night. The value of the coefficient of re- 
traction 7 differs according to various observations from 0.06, 
observed by the U.S. Lake Survey in central Illinois, to 0.08, 
observed by the U.S. Coast and Geodetic Survey in New 
England near the sea-level, and in the interior of the coun- 
try or at considerable altitudes between 0.065 and 0.07. 

The amount and method of application of the correction 
for the curvature of the earth have been briefly indicated in 
Articles 160 and 161. The amount of this correction for 
various distances is more fully shown in Article 239, which 
gives also in tabular form (Table XXXI) the amount of re- 
fraction and the combined amount of the two. 

167. Leveling with Gradienter.—The gradienter screw 
may be used as an adjunct toa tachymetric instrument, Ist, for 
the purpose of measuring vertical angles and thus determining 
differences of elevation; and, 2d, as a telemeter for the meas- 
urement of horizontal distances (Art. 114). The gradienter is 
a tangent screw with micrometer head attached to the horizon- 
tal axis of the telescope. Originally, as its name implies, the 
gradienter was employed in locating grades on railway and 
canal surveys. It has also been satisfactorily employed by 
the writer in interpolating contours on uniform slopes espe- 
cially in the survey of reservoir sites. 

To locate a gradé of 24 per cent, for example, which is a 
grade of 24 feet per hundred, the telescope is leveled and the 
head of the gradienter screw read. Then, for a screw gradu- 
ated so that one revolution corresponds to one foot in 100, 
the same must be revolved 24 turns, when the line of sight 
of the telescope will be on the grade desired. The gradienter 
may be employed in measuring elevations by means of verti- 
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cal angles in terms of the tangent. For, with a knowledge of 
the horizontal distance obtained by the gradienter (Art. 114) 
or otherwise, a small vertical angle may be read by the 
micrometer screw, or large ones read with the vertical arc of 
the instrument supplemented by the micrometer screw, and 
this vertical angle in connection with the distance gives the 
data from which to compute the difference of height (Art. 
161). 


CHAPTERS IT: 
BAROMETRIC LEVELING. 


168. Barometric Leveling.—Barometric leveling is espe- 
cially adapted to finding the difference between two points at 
considerable horizontal or vertical distances apart and which 
are unconnected by any system of plane survey. Asa result 
it is the most speedy though least accurate of the methods of 
leveling. It is, however, very useful in making exploratory 
ot geographic surveys over extensive areas or for making re- 
connaissance surveys for railroads or similar engineering works. 
Barometric hypsometry is frequently the only means by which 
approximate elevations may be determined in the progress of 
rough or reconnaissance surveys. 

Two general classes of instruments are employed in the 
making of hypsometric observations in such surveys, namely: 

1. The cistern or mercurial barometer; and 

2. The aneroid. 

Both of these instruments are dependent upon the adzfer- 
ences of atmospheric pressure at two different elevations. The 
higher we rise above sea level the less the depth of atmos- 
phere above us, and consequently the less its weight and the 
height to which it will raise or counterbalance a column of 
mercury. Thus, if the barometer records 30 inches of pres- 
sure, that is, sustains a column of mercury thirty inches in 
height, at the level of the sea, it will, at an elevation of 1000 
feet, sustain a column of approximately 28.9 inches. The 
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aneroid is a much more compact instrument than the mercu- 
rial barometer, more portable, and is carried in a metal case 
similar to that of a large watch. ° 

169. Methods and Accuracy of Barometric Leveling.— 
The differences of atmospheric pressure as recorded by barom- 
eters is affected by the temperature, and compensation for 
temperature must be made in order to obtain the best results 
from barometric measurements. Ordinarily the aneroid or 
mercurial barometer is adjusted at the elevation of the start- 
ing-point, and readings are taken at various points the heights 
of which are to be determined and the elevations to which 
they correspond are computed therefrom. More accurate re- 
sults can be obtained by the synchronous readings of two 
barometers, one of which remains stationary at a known ele- 
vation, while the other is read at points the heights of which 
are to be determined, and the difference between the two 
gives the data from which to compute the differences in 
height. 

As the weight of the atmosphere and the consequent record 
of the barometer are affected by humidity far more than by 
temperature, the readings of two instruments which are af- 
fected by approximately the same atmospheric conditions 
give a better relative difference in height than could be ob- 
tained by the reading of one. Forty or fifty determinations 
of elevations by mercurial barometer were obtained ten or 
fifteen years ago in widely separated regions in the course of 
the early hyposometric surveys of the U. S. Geological Sur- 
vey at points the elevations of which were known from spirit- 
leveling. It is interesting to note that the average error in 
these determinations was but a little over 8 feet, and the ex- 
treme error 17 feet. It is thus seen that under the most 
varying conditions where a barometer is carefully and well 
used fairly satisfactory results may be looked for, though un- 
accountable atmospheric disturbances may give results in 
error over 100 feet under apparently favorable conditions. 
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170. Mercurial Barometer.—The mercurial barometer 
consists of two parts, the cistern and the tube. The czstern 
is made up of a glass cylinder, Z, through which the surface of 
the mercury can be seen; an upper inclosing plate, G, through 
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Fic. 113.—SECTION THROUGH CISTERN AND TUBE OF MERCURIAL 
BAROMETER. 
which the lower end of the barometer tube, ¢, passesand to which 
it is fastened by a piece of kid leather, so as to make a strong 
but flexible joint. (Fig. 113.) Below these and to this plate 
is attached by long screws, P, a lower metal cup from which is 
suspended a wooden reservoir or cistern, JZ, the bottom portion 
of which is formed by a kid orchamois-leather bag, WV. This is 
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so contrived that it may be raised or lowered by means of an 
adjusting-screw, O, and the surface of the mercury, as seen 
through the glass cylinder, can be brought to exact contact 
with an ivory pointer, g, when the instrument is to be read. 
When being ¢rausported the adjusting-screw is turned up 
tightly until the mercury completely fills the tube, when the 
latter can be inverted and carried with the cistern end upper- 
most, so as not to be liable to breakage by the jar or shock of 
the mercury splashing against the upper end of the glass tube. 
When being read, and after the index-point has been brought 
to exact contact with the mercury surface, a sliding scale, on 
which is a vernier, is brought to corresponding contact with 
the upper surface of the mercury in the tube by turning a screw, 
YD, and the reading on the vernier is recorded. 

Though the barometer may be received filled from the 
maker, one who uses it should understand how to fill it in 
case of the not improbable breakage of the tube. The mer- 
cury used in filling a barometer should be mechanically pure, 
and is best transported in short iron tubes made of sections of 
gas-pipe. It is rarely necessary to boil the mercury in the 
tube to expel moisture or air, as is the general practice, since 
barometers can with a little practice be filled in a sufficiently 
satisfactory manner with cold mercury. 

If a new glass tube is to be inserted, this should be trans- 
ported in a box for safe packing, and the ends should be sealed 
until required for insertion, when the lower end is to be cut 
off with a sharp file and the edges filed straight and smooth, 
or, better, heated over a flame until they are rounded by 
fusion. The mercury should then be dropped in the open end 
of the tube slowly through a clean, rough paper funnel witha 
hole so small as only to let the mercury through a drop at a 
time, thus filtering it. When the tube is filled within a quarter 
of an inch of the top, the open end must be closed with a piece 
of chamois placed over the thumb, and the bubble of air which 
remains is to be run back and forth in the tube by inclining it 
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so as to gather together all small air-bubbles adhering to the 
inside of the glass. 

When all the bubbles have been collected turn the tube 
up again so that the large bubble shall pass to the open end. 
This should then be completely filled with mercury, and a 
little of the mercury may be again let out and the same oper- 
ation repeated with an expanded or vacuum air-bubble until 
all the air has been removed. This can be distinguished by 
letting the column of mercury run sharply against the closed 
end of the tube, when it will give a clear metallic click if 
there is no free air in the tube. The tube is then placed open 
end upward, again filled to overflowing with mercury, top 
plate and glass plate on upper half of wooden cistern screwed 
tightly on. The cistern is then filled with mercury to over- 
flowing, and the lower half, carrying the kid bag is placed on 
it and the two halves of the cistern joined together. Now 
screwing on the outer metal case and having the adjusting-screw 
tightly fastened up, the instrument may be reversed or placed 
in its upright position, when it is ready for use. A similar 
operation has to be repeated in case the mercury in the cistern 
has become dirty or the ivory point dirty from oxidation, it 
being necessary to first tighten up the adjusting-screw, invert 
the instrument, and remove the lower half of the cistern. 

171. Barometric Notes and Computation.—There are 
several modes of keeping barometric notes as well as of 
computing them, according to the formule employed. The 
general theory on which barometric work ts computed depends 
upon the fact that at sea-level the weight of the column of 
atmosphere above any given point is approximately 15 pounds 
to the square inch, which is sufficient to raise a column of 
mercury in a vacuum tube to the height of 30 inches. As 
one ascends the pressure diminishes because of the diminution 
in the height of the column of air above. But this diminu- 
tion is not in a simple ratio depending on altitude because 
there are varying densities in the strata of air produced largely 
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by retained moisture and wind-pressure. Moreover, each 
succeeding layer of air is less dense than that which underlies 
it by the weight of the stratum beneath it. The difference 
in heights of any two places is equal to the difference between 
the logarithms of the air-pressures at those two places mul- 
tiplied by a certain constant distance. It is this relation 
which gives the first and principal term in the various tables 
for reducing barometric work. Numerous determinations of 
the pressure constants have been made, and these produce 
the principal differences in the various tables. 

The more important barometric tables are dependent origi- 
nally on Laplace's formula and the use of his coefficients. 
One of the tables first and most extensively used in this 
country is known as Williamson’s Table, having been first 
expounded in a treatise by Lieutenant-Colonel Williamson on 
the ‘‘ Use of the Barometer.” The tables generally accepted 
now as giving the best results are A. Guyot’s. 

Laplace's formula reduced to English measures is as 


follows: 
zt t—6 
eo ee 
it tg x 60158.6 Eng. ft. ; (1 + 0.0026 cos 2L) 
Z + 52252 es. 


[ ere 20886860 al 10443430)’ 
in which 


h = the observed height of the barometer, 
at the lower 


t = the temperature of the barometer, : 
P station ; 
t = the temperature of the air, 
hh’ = the observed height of the barometer, } Da 
at the er 
= the temperature of the barometer, - isi g 
: | station. 
= the temperature of the air, 


the difference of level between the two barometers; 
= the mean latitude between the two stations; 


See ee 
| 
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H = the height of the barometer at the upper station reduced 
to the temperature of the barometer at the lower 
station, or 

H=h' \1 + 0.00008967(t — 7’)}- 

The expansion of the mercurial column for 1° Fahrenheit 
= 0.00008967 ; 
The increase of gravity from the equator to the poles = 

0.00520048 or 0.0026 to the 45th degree of latitude; 

The earth’s mean radius = 20,886,860 Eng. ft. 


An extremely interesting method of computing differ- 
ences of elevations barometrically was devised by Mr. G. k. 
Gilbert of the U. S. Geological Survey. Mr. Gilbert made 
an entirely new departure in barometric measuring. He 
abandoned Laplace’s formula, substituting a new formula. 
involving none of his constants and having but a single ele- 
ment in common. The old method, that based on Laplace's, 
and by which Guyot’s and Williamson's Tables were prepared, 
was dependent on the thermometer and the difference of 
temperature as recorded by it. The new method abandons 
the thermometer and employs the barometer alone. 

Gilbert decided that there was an atmospheric gradient ; 
that is, that the difference of atmospheric pressure between 
two points at different altitudes differed in some proportion 
to these altitudes. Thus a plane passing through the sum- 
mits of verticals erected above the two points is inclined in 
some direction because the pressures are on unequally differ- 
ent altitudes. Gilbert determined that there were diurnal 
and annual variations in this gradient, and that in order to 
properly determine difference of altitude by the barometer 
the gradient must be considered, and his mode of so doing is 
to establish two-base barometer stations, one as high as the 
highest of the points the elevations of which are to be deter- 
mined, the other as low as the lowest. These should be read 
synchronously at intervals, say of one hour, and the moving 
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barometer is corrected by reduction, not to one-base barometer 
but to two, so that it can be placed in its gradient somewhere 
between the two barometers which are at known altitudes. 
172. Example of Barometric Computation —Below is 

given an example of an odservation made by a moving barom- 
eter at McKenzie Mountain, N. M., while at the same hour 
a station barometer was observed at Fort Wingate, N. M., the 
altitude of which is known. The station or base barometer 
was assumed to be without an instrumental error. The 
moving barometer was compared with it at the beginning of 
the seascn, May I, and was reduced to it by first reducing 
the readings to 32 degrees Fahrenheit and then subtracting 
the readings of the moving from the base barometer. The 
five comparative readings ranged between + .002 and — .005, 
with a mean of — .003 inches as the error of the moving 
barometer. 

BAROMETRIC COMPUTATION. 

Observations at Fort Wingate, VN. M. 


on | 
2 2 f Thermom 
fol ke b 3 hy; re ‘3 [a4 
Z = S o rs) £ 6 | 
Date. . ie i oO Olan es 
i g 5 % | eG a | eS eee) Sal Seated | ates 
° a ow on 
3 ~~ Qo. F “ g » ~ Lolita} > wu 
iS Gs oS ° = a) ie ° O-5 u& 
ss Cen eo el et eG eee Sra Mee He asi ie 
| 
May 3x, 1583" 2... 9 A.M.| 2606 |23.512|14.789| 75°.5|—.099] 0 |—.0g9/23.413] 76° | 46° 
ais Gentry 10 A.M,| 2606 |23 502/14.780) 79° | —.106 © |—.106/23.396] 78 44 
INGANS tenia, erie Nn sisreen. cece Bact || BoCaba tee mee accra aemoeT Sail oa wtoe 13.404] 77 45 
Observations at McKenzie Mountain, NV. M. 
May 31, 1883.2 «4... 9 A.M.| 2679 |30.823/22.124| 58 |—.058/— .003} —.061/22.063| £6 40 
et ae er 10 A.M.| 267@ |30.819|22.119| 61 | —.064|— .003] — .067/22.052| 59 4 
MGA S oa awxee ores | antes ee aI MEre ta ciet co kee AEP carat orice S28 of ay sa «sais [22005715935 [40.8 
} | 


The computation by the Guyot method is illustrated in 
the following example side by side with a computation by 
the Williamson method in order that the difference between 
the two may be noted... The terms. D,(4)-and-D(/) are 
obtained from Table XVII, the argument for D(%) being 
the height of the barometer at the base station, and the 
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BAROMETRIC DETERMINATION OF HEIGHTS. 
FIELD SEASON, 1883. 
Party No. i. Division of Fort Wingate, N. M. 
H. M. Wilson, Computer. 
Observations recorded in books No. 306 and No. 309. 
? ee 


Names of Tables, etc. Cie. Guyot’s Computation. 
ID) Avera mies ct onctietel ere ea\ete omer hetera ete tatters May 31, 9 and 10 A./M. 
No. of synchronous obs........ 2 ; 2 
Mower Station ue ciar smear + Wingate Wingate 
Upper Station............+..+6. McKenzie McKenzie 
BW SAGs 23.404 23.404 
Bar. at 32 te ste 22.087 22.057 
(4, SED Cb 77 77 
Temperatures ‘ Cm ey 57-5 57-5 
! 
eS St eo pono cae 134.5 134.5 
; a — ape ae 130 
Humidity 5 @’ — eS <6 284 
ata’ So olbcosec 414 
Latitude =-...-s sees wean 365030) 35° 30° 
Dj (h) = Sinibio 4 dani dead Gadling 22299 22216 
Dj (7) ORO Ca IO OO io Grane 20745 20667 
WSf ap PROS ag eh he enctote a ale ence wel ot 1554 1549 
Dij iat see reciavelols seavsneneora sie Ii2 122 
PALEY DI NEORS, =o oun oDou ODD dab code 1666 © 1671 
Diii She efielies lobar eine aliereceuele/sinis 2 2 
Div Sse ie vw 6, ow enels Wleg 2 0 a ele 4 4 
Dy NO Oi Lis OOM Ca I 18 
Baap Pk OX ep—celanelsle ehelehe/sisieeiaelessre 1673 1678 
D yi ee ID OC eon Cn 22) 
D vii SPs as Chavecsneresenuteliochore Peron: 10’.2 
(Commas ele (GP = 0) == tou porn enc ; 4 
Dither otra Ite share retersie ste 1677 1678 
Altitude of reference station = 6978 6978 
Altitude of new station, feet = 8655 8656 


Remarks: 
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argument for D(/7) the height of the moving barometer. If 
the new station be lower than the base, the difference between 
D'(h) and D{#) is given a negative sign. The corrections 
D,,, D,,,, etc., are added to the first approximate result regard- 
less of its signs, attention being paid to the signs of the cor- 
rections, which are generally positive. 

The correction D,, is the product of the first approxima- 
tion into the factor found in Table XVIII, the argument for 
which is ¢ — @ or the sum of temperatures of the detached 
thermometers of the two stations. When the humidity correc- 
tion is used the relative humidities are first found from Lee’s 
Tables, the arguments being the difference between the wet 
and dry bulbs and the reading of the wet bulb, though this 
correction scarce affects the result appreciably and may be 
omitted. 

173. Guyot’s Barometric Tables.—Table XVII gives in 
English feet the value of log # or # X 60158.6 for each 
hundredth of an inch from 12 to 31 inches of barometric 
pressure. The additional thousandths are obtained in a sepa- 
rate column. 

Table XVIII gives the correction 2.343 feet X (zt — 7’) 
for the different temperatures of the barometers at the two 
stations; and as that at the upper station is generally lower, 
t — t’ is generally positive and the correction negative. 
This correction becomes positive only when the temperature 
of the upper barometer is higher. 


Zz 2252 

Table XIX shows the correction Tice ase to be 

20886860 
applied to the approximate altitude for the decrease of grav- 
ity on a vertical acting on the density of the mercurial 
column. It is always added. 

h 
—— for 
10443430 
the decrease of gravity on a vertical acting on the density of 


the air. This correction is always added. 


Table XX furnishes the small correction 
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IAN DOW ILIU 


CORRECTION FOR 7t— 7’, OR DIFFERENCE IN THE TEM- 
PERADURE OF DHE BAROMETERS AT THE SIWOr STATIONS: 


This correction is megative when the attached thermometer at the upper 
station is lowest ; positive when the attached thermometer at the upper 
station is highest. 


(From Smithsonian Miscellaneous Contributions.) 


7 —7’ | Correc-|| t — 7’ | Correc-|| + — 7’ | Correc- || + —r’ | Correc- 

y tion, F. tion, RB tion, BS tion. 

°- i Eng ft: o =6|Eng. ft = Eng. ft. ‘d Eng. ft.} 
1.0 2.3 21.0 49-2 41.0 96.0 61.0 142.9 81.0 189 7 
a35 Bus 21.5 50.4 41.5 97-2 61.5 144.1 81.5 190.9 
2.0 407 22.0 51.5 42.0 98.4 62.0 145.2 82.0 192.1 
15 5-9 22.5 5207 4265 99.6 €2.5 146.4 82.5 193-3 
3:0 7:0 23-0 53-9 43.0 100.7 63.0 147.6 83.0 194-4 
eget 8.2 23-5 55-1 43-5 101.9 63.5 148.8 83.5 195-6 
4.0 9:4 24.0 56.2 44.0 103.1 64.0 “149 9 84.0 196.8 
4°5 10.5 24-5 57-4 44-5 To4.2 || 64.5 151.1 84.5 197-9 
5.0 Ft 7 25.0 58.6 45-0 105.4 65.0 152.3 85.0 109.1 
Bes 12.9 25.5 59-7 45-5 106.6 65-5 153-4 85.5 200.3 
6.0 $401 26.0 60.9 46.0 107.8 66.0 154.6 86.0 201.5 
6.5 15.2 26.5 62.1 46.5 108.9 66.5 155-8 86.5 202.6 
be) 16.4 27.0 63.2 47.0 Troy || 67.0 157.0 87.0 203 8 
7°5 17.6 27-5 64.4 475 1II.3 67.5 158.1 87.5 205.0 
8.0 18.7 28.0 65.6 48.0 112.4 68.0 159-3 88.0 206.1 
8.5 19.9 28.5 66.8 48.5 113.6 68.5 160.5 88.5 207.3 
9.0 21.1 29.0 67.9 49.0 114.8 69.0 161.6 | 89.0 208.5 
9-5 22.3 29-5 69.1 49-5 116.0 69 5 162.8 | 89.5 209.7 
10.0 23-4 30.0 70.3 50.0 117.1 70.0 164.0 go.o 210.8 
10.5 24.6 30-5 2304 50.5 118.3 70.5 165.2 90.5 212 0 
I1.o 25.8 31.0 72.6 51.0 119.5 || JI 166.3 Qg1.0 213.2 
Il.5 26.9 Bras 73-8 STS F2O.6 i) 7a, 167.5 at.s5 214.3 
12.0 28.1 32.0 75.0 52.0 121.8 | 72.0 168.7 92.0 215.5 
12.5 29.3 32-5 | 76.1 52.5 1230 {| 72-5 169.8 92-5 216.7 
13).0) 30-5 EERO | Faris} 53-0 124.2 I 73-0 171.0 93-0 217-9 

| 

13.5 31.6 33-5 78.5 53-5 125.3 || 73-5 172.2 Q3-5 |) 210.0 
14.0 32.8 34-0 79.6 54-0 126.5 74-0 173-4 94.0 | 270.2 
14-5 34.0 34:5 80.8 54°5 127.7 74°5 174.5 94-5 221 4 
PE) Ene 3520) a ea2ko! 55-0 128.8 75-0 ESR 95.0 222.5 
15+5 36.3 35:5 83.2 55:5 130.0 75°+5 176.9 95+5 223.7 
16.0 37.5 36.0 84.3 56.0 TS 2) he, a7 O50 178.0 96.0 224.9 
16.5 38.7 36.5 85.5 56.5 132.4 FOnk 179.2 96.5 226 1 
17.0 39.8 37.0 86 7 57-0 133-5 77.0 180.4 97-0 227.2 
17-5 41.0 37-5 87.8 57°5 134 7 77s 181.6 97-5 228.4 
18.0 42.2 38.0 89.0 58.0 135-9 78.0 182.7 98.0 229 6 
18.5 43-3 38.5 90.2 58.5 137.0 78.5 183.9 98.5 230.7 
19.0 44.5 39.0 Ql.4 59.0 138.2 79.0 185.1 99.0 231.0 
1955 457 39-5 92-5 59.5 139-4 795 186.2 99-5 233-1 
20.0 460.9 40.0 92.6 60.0 140.6 80.0 187.4 100.0 234-3 
20.5 48.0 40.5 94-9 60.5 TAL, 80.5 188.6 100.5 235-4 
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LABLE XX. 


CORRECTION FOR DECREASE OF GRAVITY ON A VERTICAL. 


(From Smithsonian Miscellaneous Contributions.) 


Ve Teer sl 
i Decrease of grav- Decrease of grav- Decrease of grav- 
Approxi- | ity ona vertical. || Approxi- | ity on a vertical, Approxi- | ity on a vertical. 

mate Positive. mate Positive. mate Positive, 
difference difference difference 4 
of level. of level. of level. 
0 + 500 i) + 500 0 +500 


Eng. feet., Feet. Feet. Eng. feet.| Feet. Feet. Eng. feet.| Feet. Feet. 


1,000 2.5 3-9 10,000 29.8 31.5 19,050 64.8 67.0 
2,000 5.2 6.6 11,000, aes 35-1 20,000 69.2 71.4 
3,000 7.9 9-3 12,000 36.9 38.7 21,000 73-0 75-9 
4,000 | 10.8 12.2 13,000 40.6 42-5 22,000 78.2 80.5 
5,000 13.7 15.2 14,000 44.4 46.3 23,000 82.9 85.2 
6,000 16.7 18.3 15,000 48.3 50.3 24,000 87.6 go.0 
7.000 19-9 21.5 16,000 52.3 54.3 25,000 92-5 94-9 
8,000 2300 24.7 17,000 56.4 58.4 

g,000 20.4 25.5 18,000 60.5 62.6 


TABLE XXI. : 
CORRECTION FOR THE HEIGHT OF THE LOWER STATION.— 


POSTE: 
(From Smithsonian Miscellaneous Contributions.) 
[ 7 
¢ Height of the barometer, in English inches, at lower station. 
EXP PLOXIDa cen || eee ee ee ee ee 
difference | | | 
of level. 16 18 20 22 24 | 26 | 28 
x | 
Eng feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. 
1,000 1.6 Bag 1.0 0.8 0.6 0.4 0.2 
2,000 3.1 2.5 2.0 r.5 Tek 0.7 O.3' 
3,000 e:7 3.8 3.0 2.3 sy rt 0.5 
4,000 6.3 ise 4.0 Rut 2.2 1.4 0.7 
5,000 7.8 6.4 5-0 3-8 2.8 1.8 o0.8 
6,000 9.4 7.6 6.0 4.6 3.3 25 1.0 
7,000 II.0 8.9 7a 5-4 3-9 255 Te2 
8.000 12.5 10.2 Sax 6.2 4-4 2.8 Fe3 
9,000 Teil ay | Q.1 6.9 5.0 3.2 HG 
10,000 15.7 12.7 Io.1 Pat 555 3.5 Liz 
11,000 17.2 14.0 TC. 5 8.5 6.1 3-9 t.8 
12,000 18.8 15-3 12.1 9.2 6.6 4.2 2.0 
13,000 20.4 16.5 TaioX 10.0 Fae 4.0 282 
14,000 21.9 17.8 14.1 10.8 Fat 4-9 2.3 
15,006 23.5 TOT 15.1 Ir.5) 8.3 5.3 2.5 
16,000 25.1 20.3 16.1 12.3 8.8 5.6 2.7 
17,000 26.6 21.6 i. TAF 9-4 6.0 2.8 
18,000 28.2 22.9 18.1 13.8 9.9 6.3 S20 
19,000 29.8 24.1 19.2 14.6 10.5 6.7 Bee. 
20,000 31-3 25-4 20.2 15.4 Irt.o 7.0 3:3 
21,000 32.9 26.7 21.2 16.1 11.6 7-4 3.5 
22,000 34.5 28.0 22.2 16.9 12.1 7-7 Ey) 
23,000 36.0 29.2 23.2 17.7 12.7 8.1 3.8 
24,000 37.6 30.5 24.2 18.5 13.2 8.4 4.0 
25,000 39.1 31.8 25.2 19.2 13.8 8.8 ae 
i 


ANEROID BAROMETER. 395 


174. Aneroid Barometer.—This instrument depends for 
its operation on a shallow cylindrical metal box, the top of 
which is made of corrugated metal and is so elastic as to read- 
ily yield to changes in the pressure of the atmosphere. The 
interior of this box is exhausted of air, so that when the 
atmospheric pressure increases the top is pressed inwards, and 
when it decreases the elasticity of the corrugated top moves 
it outwards. These movements are transmitted by multiply- 
ing levers, chains, and springs to an index which moves over 
a.stalés (Pig? Tid.) 

Aneroids as made by various instrument-makers differ in 
the mechanism employed to multiply the linear motion of the 
end of the vacuum index and in the arrangement of figures 
on the face of the scale. The instrument is graduated by- 
comparing its indicator under different pressures with those 
of a mercurial barometer, and is tested in a vacuum pump, 
and a scale of correction is usually prepared with a view to 
making it independent of temperature changes. At the back 
of the instrument is a screw which presses against the end of 
the vacuum box so that it may be adjusted at any base 
elevation. 

The scales on the face are usually two in number, one for 
inches of atmospheric pressure, and the other for altitude in 
feet. The scale of feet is frequently made movable so that it 
may be set at a known altitude opposite to the index pointer, 
after which changes in the index hand will indicate relative 
changes in altitudes as based upon the setting. 

175. Errors of Aneroid.—The aneroid is very convenient 
as a movable instrument, requiring no time to place it in po- 
sition for observing, as does the mercurial barometer, and being 
at all times in condition for immediate and direct reading, as 
is a watch. It is inferior, however, as a hypsometric instru- 
ment to the mercurial barometer, chiefly because it is subject 
to the following sources of error: 
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1. The elasticity of the corrugated top of the vacuum 
chamber is affected by rapid changes in pressure. 

2. Its readings are affected by changes in temperature 
which it is impossible to readily compensate. 

3. The different spaces on the scale are seldom correct 
relatively one to the other, but the scale of pressure or inches 
is more accurate than the scale of feet, since the latter con- 
tains the errors due to the formula by which it was graduated. 

4. The weight of the instrument affects its indications, its 
readings differing in accordance with the position in which it 
is held. 

5. It lacks in sensitiveness, frequently not responding 
quickly to changes of altitude. 

6. The chain and levers sometimes fail to quickly respond 
to the movements required of them. 

7. Because of its containing so many mechanical parts 
these are subject to shifting or jarring by movement made in 
transporting it, the only remedy for which is: frequent com- 
parison with known altitudes or a mercurial barometer. 

The aneroid is ot an instrument of precision, and the least 
reading which it is capable of 1s about 0.025 of an inch, corre- 
sponding to nearly 25 feet, and no system of verniers nor 
multiplying scales will increase the precision. The range of 
pressure of the aneroid is limited, and if used for a greater 
altitude, or a pressure lower than that within its range, the 
spring runs down; in other words, the spring ceases to act 
after the pressure has been lowered too far. 

It frequently happens, as on the approach of a storm, or 
change from stormy to clear weather, that atmospheric pres- 
sures will change in a few hours by over an inch. This means 
an apparent change of elevation at the same place of 1000 
feet or more. (Art. 168.) 

176. Using the Aneroid.—The aneroid barometer is used 
very extensively in the topographic surveys executed by the 
U. S. Geological Survey. Excepting in country of very flat 
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slopes, it has been used almost exclusively by that organi- 
zation in sketching contours over an area of 800,000 square 
miles which have been already mapped. As _ previously 
stated, the aneroid has been found to be erratic and unreliable 
for exact work. It has also been found that where properly 
handled and attention is paid to its eccentricities it is a suffi- 
ciently accurate instrument to permit of sketching contours 
of intervals not less than 20 feet, in moderately rolling country, 
with all the accuracy necessary for a scale of one mile to the 
inch, and in very mountainous country for even larger scales. 

The topographers of the U. S. Geological Survey carry 
aneroids of the simplest form, unencumbered by verniers and 
similar in size and general appearance to that shown in Fig. 
114. These instruments are from 2 to 24 inches in diameter, 
and aneroids of various ranges are employed according to the 
altitudes of the country under survey. Ina region in which 
the heights do not exceed 2000 feet a 3000-foot aneroid is 
carried. When the altitudes exceed 3000 or 4000 feet a 
5000-foot aneroid is carried. An aneroid cannot be used 
with any safety in determining heights which approach nearly 
to its range. 

The instrument is carried loosely as a watch in the pocket. 
The slight jolting which it thus receives in riding or walking 
is just sufficient to keep the needle from sticking and aid it 
in responding to the changes of altitude. In reading it it 
should invariably be held in the same position. Some prefer 
to hold it horizontally, the better way, however, is to hold it 
vertically in front of the eye, suspended by the carrying-ring. 
In reading it the eye should always be held in the same 
position with relation to the needle, to avoid the effect of 
parallax, and the case of the aneroid should be rapped gently 
but sharply in order to loosen the spring or needle should 
either stick, such rapping being more effective if performed 
with a hard substance, as the finger-nail or lead-pencil, than 
with the fleshy part of the finger. 
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In setting out to work, the reading of the aneroid should 
be noted to see if it has changed materially from the reading 
noted in camp on the previous day. This gives some indica- 
tions of the condition of the atmosphere. Before starting out 
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the sliding foot-scale of the aneroid should be revolved so that 
the hand shall point to the altitude of the camp or other 
known elevation near the starting-point. On arrival at the field 
of work the aneroid should be again read at some point the 
elevation of which is known, and the effect of atmosphere 
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or sudden change in height in preventing its recording this 
known elevation correctly, as compared with that at which it 
had been previously set in camp, should be noted. If the 
aneroid appears to have acted erratically, it should be used with 
great care at first and frequently checked, lest the atmospheric 
conditions be unsuited to its use. There often occur days 
on which it is impossible to use the aneroid (Art. 175), 
when results are desired which permit of sketching contours 
of intervals as small as 20 feet. On such days the topogra- 
pher should either obtain numerous check elevations by ver- 
tical angulation, or should confine his route to sketching where 
elevations already obtained are numerous, or should devote - 
himself to plane-table triangulation, office work, or some other 
phase of his duties. 

If the aneroid seems in proper condition for use,—and this 
is best verified by carrying two aneroids, lest one for some 
reason be out of order,—the topographer may proceed to 
sketch contours by it (Arts. 13 and 17). In this work he 
should use only one of the aneroids, that which seems in best 
condition, making no attempt to check it by the other, or to 
take a mean of the readings of the two, but depending for 
such adjustment on checking it by elevations obtained by 
better methods. Setting the aneroid at his starting-point 
and at a known elevation, he drives over the roads, consulting 
it to determine the height at each contour crossing of the 
route traveled. He may rely upon it for sketching contours 
of small interval for distances not.exceeding a couple of miles 
without*rechecking it. Where the changes of slope are not 
great and the journey is made with considerable speed, as by 
driving in a vehicle, and where the time consumed in travel 
is comparatively short, the aneroid may be safely used for 
distances as great as three to five miles, though in such cases 
it may not check out within a contour interval on the next 
comparison, when a portion of the journey just made must be 
retraveled and the topography resketched. Where the con- 
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tour interval is greater than 30 feet, as 50 or even 100 
feet, longer journeys may be made and greater differences of 
altitude encountered without introducing errors in the aneroid 
reading which will equal a contour interval in amount. 

In using the aneroid in the above manner its exact reading 
should frequently be marked on the map, especially at all 
junction points of roads and trails. Accordingly, as the 
topographer in driving or walking over the various roads or 
trails comes back to one of those points at which he has 
already noted the aneroid height, thus closing a circuit, he 
adjusts his aneroid by comparison with the recorded height 
as though he were adjusting it on an elevation obtained by 
better methods. In this manner he may be able to extend 
the range of use of the aneroid by throwing out closed circuits 
of aneroid elevations one from the other to distances as great 
_as four or five miles to the next elevation of first quality with- 
out introducing errors beyond his contour interval. Such re- 
sults can only be obtained under the most favorable atmos- 
pheric conditions. 

In using the aneroid in geographic or exploratory surveys 
where frequent checks cannot be had on known elevations, or 
by closing back on aneroid heights already recorded, the in- 
strument must be handled in a different manner. It must 
still be used with the same care, and the beginning of the 
journey must be made in the same manner. Immediately 
upon making a stop for a rest or overnight, or for an interval 
of time of even five minutes, the height indicated by the 
aneroid should be at once recorded. In starting out again the 
aneroid will be again read, and if the elevation which it 
records has changed, the scale must be reset to that noted 
when the stop was made. To get the best results the journey 
should be made as rapidly as possible from one stopping-point 
to the next. 

As already stated (Art. 175), the aneroid acts sluggishly 
upon making any sudden change of elevation which is consid- 
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erable in amount. Thus in asceriding or descending a high 
and steep hill the aneroid will fail to record the full altitude 
passed over if read immediately upon arrival. It should be 
so read, however, but a stop of a few minutes should be 
made at the top or bottom of an inclination, and thereafter 
the aneroid be again read, in which case if not affected by 
unaccountable atmospheric conditions it will have responded 
gradually to the change of elevation and will note an increased 
difference of height. Frequent comparison with known eleva- 
tions in the conduct of aneroid work has shown that the amount 
of change by which the record of the aneroid is too small varies 
from 2 to 5 per cent, according to the speed with which the 
journey has been made, the condition of the aneroid itself, 
and the difference of elevation. It is therefore safe to add 
this amount to or subtract it from the record of the aneroid, 
as noted upon immediate arrival at the top or bottom of a 
high, steep slope. The scale of the aneroid, however, should 
not be corrected for this difference, since the aneroid will 
gradually come back itself to the change of elevation which 
it should have originally noted. 

In railway and other topographic surveys in Germany 
even more faith is placed in the results of aneroid readings 
than the most firm believers in the instrument in this country 
would advocate. Mr. F. A. Gelbcke states that a careful ob- 
server is able to reach an approximation of from three to six 
feet of elevation with certainty. Such a high degree of accu- 
racy is obtained of course only where the aneroid is frequently 
checked by reference to spirit-level elevations, as in making 
a topographic survey for railroads, where a base line is lev- 
eled through and the aneroid is used at comparatively short 
distances and for small changes of elevation. 

Calculations of heights from such observations are made 
graphically, the aneroid readings, after correction for tem- 
perature, being plotted on cross-section paper. On this, with 
the aid of the barographic notations and the readings at the 
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bench-marks and other check stations, a horizontal curve is 
constructed. This is an anerotd diagram, from which it is 
only necessary to read the ordinates of the curve at the 
stations, with a scale varying to suit the observed changes of | 
temperature, in order to obtain the elevations of the stations. 
Thus the desired heights are furnished without calculation 
and in the least time, and so that large errors in determina- 
tion of the elevations are practically excluded. 

177. Thermometric Leveling.—Differences in elevation 
may be ascertained with a certain degree of approximation 
by means of determining the dozling-point of water. This is 
because when water is heated the elastic force of the vapor 
produced as it is transformed into steam increases until it 
becomes equal to the incumbent weight of the atmosphere; 
this pressure then being overcome, the vapor bursts into 
steam. It is evident, therefore, that the temperature at 
which water boils in open air depends upon the weight of the 
column of atmosphere above it, and this fact is made use of 
in determining the differences of altitude. 

The temperature at which water boils under different 
pressures has been determined by experiment. It is only 
necessary, therefore, to observe the temperature at which 
water boils at any place, and by referring to a table to find 
the corresponding height of the barometer or elevation 
above the sea. Account may be taken of the effect of varia- 
tions in temperature, moisture, pressure, etc., but the errors 
inherent in the method itself are so great as to make such 
attempt at refinement of little value. Table XXII gives the 
approximate elevations above mean sea-level for different 
temperatures Fahrenheit between 190° and 213°, oof is de- 
pendent upon the state of the atmosphere. 

The thermometer should be a delicately graduated glass 
tube, made to show the largest possible fraction of a decree 
between those shown in the table. It may be immersed 
in a kettle of steam, but more advantageous results can be 
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obtained by using some sort of steam-boiler which will 
bring the larger portion of its surface into immediate con- 
tact with a good current of steam. An apparatus of this 
sort may consist of a cylindrical boiler from the center of 
which rises a chimney about 2 inches in diameter by 4 inches 
high, open at the top, and covered by a similar inverted 
chimney, the whole being covered again by a still larger 
chimney; so that the current of steam rising through the 
inner chimney will circulate down through the middle one 
and up through the outer and off through a central vent, 
through which latter the thermometer will be inserted 
through the interior flue. Such a double passageway pre- 
vents the condensation of steam on the interior walls. 


(ABLE XO: 
ALTITUDE BY BOILING-POINT OF WATER. 


Boiling-point. Altitude. Boiling- point. Altitude. 
Degrees (Fahr.), Feet. Degrees (Fahr.). Feet. 
190 7Z2O 208 2,050 
195 8,950 209 1,545 
200 6,250 210 1,020 
2021) 5,185 211 510 
204 4,130 212 O 
206 3,085 252 — 505 


The lack of delicacy in this instrument is evident when it 
is realized that an error of 0.1 degree in the temperature will 
cause an error of over 80 feet in the determination of eleva- 
tions. In addition to being subject to all the errors of meas- 
urement by barometer, measurement by thermometer is also 
subject to errors in graduation of the thermometer, lack of 
precision in reading, the quality of glass, and the form of the 
vessel containing the water, as well as the purity of the 
latter, salts in solution materially affecting the boiling-point. 
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178. Cartography. —Cartography is the art of construct- 
ing maps either (1) from existing material or (2) from original 
surveys. It includes not only the processes of copying, re- 
ducing or combining, platting or sketching maps, but also of 
incorporating into them such data as may be obtained from 
text notes or verbal descriptions of the territory represented. 

The expert cartographer must therefore be not only a good 
draftsman, familiar with the methods of map construction and 
the conventional signs commonly employed, but he must be 
possessed of such actual knowledge of map-making as is only 
gained by practical experience in field surveying. Moreover, 
he must be able to distinguish between the quality and value 
of the various map materials which he is to utilize, discerning, 
by his knowledge of topographic forms, the good from the 
bad, and especially that which is based on original surveys 
from that which has been compiled from hearsay or existing 
map sources. 

The draftsman or topographer who makes a map from 
original notes taken in the field is not a cartographer in the 
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truest sense of the word. He should know some of those 
details of map construction with which the cartographer is 
familiar, as the projection of the map, conventional signs to be 
employed, and the values of scales, etc. He need not neces- 
sarily be familiar, however, with the relative value of existing 
map material, nor be possessed of especial discernment in the 
compilation and utilization of the same. 

179. Map Projection.—Having executed the primary 
triangulation (Chap. XXV) and computed the geodetic co- 
ordinates of the initial points (Chap. XXIX), these are platted 
on a plane-table sheet by the aid of a projection. This isa 
rectangular diagram on which unit meridians and parallels are 
platted to the scale of the map, and which thus serve as bases 
from which to measure the differential latitudes and longitudes 
of the points so that they may be platted by these co-ordi- 
nates, much as the points of a traverse are platted by latitudes 
and departures. (Art. 90.) 

The only absolutely true map is a model of the terrestrial 
globe; but as globes are too awkward for general use, recourse 
is had for purposes of map publication to various forms of 
map projections, which are numerous in variety and are all 
artificial representations upon some plane surface of a sphe- 
roidal surface. For surveys extending over a large area it is 
necessary to adopt some method of projection by which the 
convergence of the mertdians is shown as on a curved surface, 
and the distances are reduced to sea-level. Where areas which 
are to be mapped are small, the positions of points and the con- 
struction of the map may be fixed as upon a plane surface, 
by showing meridians of longitude and parallels of latitude 
as parallel straight lines at right angles to each other. It is 
practically impossible to fix limits within which the first or the 
second of these methods must be employed, as they are not 
only affected by the area covered, but by the scale of the map. 

180. Kinds of Projection.—The varieties of map projec- 
tions cannot be more clearly characterized than is done by 
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Prof. Dr. Friedrich Umlauff in his admirable little treatise on 
‘<The Understanding of Maps,” published in Leipsic-in 1889, 
from which the following is freely translated: 

In drawing a small-scale map of a considerable area there 
must be considered: 1, the scale; 2, the projection by which 
it is made; and 3, the manner in which the spheroidal surface 
of the earth as a whole or in part is transferred to the plane 
of the surface. 

A spherical surface cannot be spread on a ‘slant without 
tearing, stretching, or folding; hence maps can never exhibit 
a perfectly true picture of the area represented. Thus there is 
simply a question of selecting a mode of representation which 
shall come as close as possible to the original. To solve this 
problem, various kinds of projections have been devised, aim- 
ing to plat the so-called degree-net of the globe, meridians 
and parallels, or a part of it, on aplanesurface. There are dis- 
tinguished, especially, (1) perspective projections, (2) non-per- 
spective projections, (3) conical and (4) cylindrical projections. 

181. Perspective Projections.—To project a figure from 
a spherical surface on a plane, nothing occurs to one more 
readily than to employ the same method that is used to depict 
any object in space, as a landscape; namely, by perspective 
drawing. The methods of platting based on the principles of 
the perspective are called perspective projections. The visual 
rays going from the eye to all points of the original are 
imagined to be cut by the plane of the drawing, and the point 
. in the picture representing each point in the object is assumed 
to be the point where the visual ray in question cuts the plane 
of the drawing. The position of this plane is assumed to be 
perpendicular to the ray striking the middle of the area to be 
represented. A difference of the picture can only arise, in 
perspective projections, by a different position of the eye 
with relation to the surface of the sphere. 

If the eye first of all is supposed to be placed at the center 
of the globe, we obtain the gnomonic or central projection. 
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As the visual rays pass from the eye through the various lines 
of the degree-net, they are inclined to the plane of drawing at 
smaller and smaller angles the farther they deviate from the 
center of the plane of drawing, and it is evident that this 
angle must finally dwindle to zero degrees—that the outermost 
visual rays run parallel with the plane of the picture and 
therefore do not intersect it. 
Thus the circles of the degree- 
net become farther and farther 
apart as we approach the periph- 
ery of the map. (Fig. 115, a.) 
If we imagine the eye placed 


at an infinite distance from the 


globe, we obtain the orthographic 
or parallel projection, so called 


because all the rays coming from Fic. 115.—GNomonic (a2) AND 
a ORTHOGRAPHIC (6) PROJECTIONS. 


the eye appear parallel an 
therefore strike the plane of drawing at right angles (Fig. 115, 0). 
The parallel projection permits the representation of a com- 
plete hemisphere, which is impossible with the central projec- 
tion. 

The third perspective mode of platting is the stereographic 
projection, in which the eye is supposed to be placed at the 
surface of the sphere itself. Here, too, the visual rays diverge 
more and more toward the edges of the picture, but they 
intersect it at greater angles than in the central projection, 
and even the outermost ray still strikes the plane of the 
picture, so that this projection. too, permits the representation 
of a complete hemisphere. (Fig. 116, a.) 

Finally, if the eye is placed outside of the sphere, but at 
a little distance, we obtain the external projection (Fig. 116, 0), 
which, however, is but very rarely used. 

To abtain an idea of the networks produced by these 
perspective projections one has to take other things into con- 
sideration. If the eye-point, aside from its distance from the 
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terrestrial globe, lies in the axis of revolution of the earth, the 
projection is called polar ; if the eye-point lies in the plane of 
the equator, the projection is called equatorial, if the eye- 


Fic. 116.—STEREOGRAPHIC (a) AND EXTERNAL.(4) PROJECTIONS, 


point lies outside the plane of the equator and outside the 
earth’s axis of revolution, the projection is called horizontal. 
Thus, disregarding the external projection, we obtain the 
following nine kinds of perspective projections: 


Fic. 117. — ORTHOGRAPHTC EQua- Fic. 118.—OrtHOGRAPHIC Hortzon- 
TORIAL PROJECTION. TAL PROJECTION. 


1. Orthographic polar, equatorial, and horizontal projec- 
tions. (Figs. 115, 117,.and 118.) 

2. Central (gnomonic) polar, equatorial, and horizontal 
projections. (Fig. 115.) 
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3. Stereographic equatorial, polar, and horizontal projec- 
tions. (Figs. 119, 120, and 121.) 

Not all of these modes of map-platting find practical ap- 
plication. 


tte a 
MSS 
WW 


eee 
\O 
SOR 


Fic. 119.—STEREOGRAPHIC EQUAYO- FIG. 120.—STEREOGRAPHIC POLAR 
RIAL PROJECTION. PROJECTION. 

Maps must comply with certain requirements: 

1. They must be angle-true or conformable; that is to 
say, parallels and meridians must intersect on the map at 
the same angles as on the orig- 
inal. 

2. Vhey must be surface- 
true or equivalent; that is to 
say, the areas of given tracts \ 
on the original and on the map »/\ 
must agree. 

From the standpoint of 
practical cartography surface 
equivalence is most important, 
because geographic compari- 
sons relate mostly Yom Bae FIG. 121.—STEREOGRAPHIC [HORIZON- 
nomena manifesting their uni- TAL PROJECTION. 
formity or diversity over areally extended regions. From this 
last-named requirement arose especially Lambert’s surface-true 
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central projection, which departs from the perspective modes: 
of platting. It received its name from the fact that at all 
points of equal zenith distance from the middle of the area 
represented the distortions are the same. The equator and 
the central meridian appear as two straight lines perpendicu- 
lar to each other; the other meridians appear as circles, the 
parallels as elliptic curves. (Fig. 122.) Lambert's surface- 
true central projection is not a 
perspective projection; neither _ 
is the so-called globular projec- 
tion, invented by the Sicilian. 
Nicolosi, the distinguishing 
feature of which is that all 
meridians and _ parallels are 
equally divided. This is used. 
especially as an equatorial pro- 


jection. 
Finally, there is a special 
mode of representation of the 


Fic. 122.—LamBert’s SURFACE-TRUE Whole surface of the earth, 
CENTRAL PROJECTION: related to the perspective pro- 
jections, and the origin of which dates back to Ptolemy: 
the star projection. Every polar projection of the northern 
hemisphere may be extended into a representation of the 
whole surface of the earth, by appendages or wings; the 
southern half of the earth then divides into four or eight 
parts, to which is given the form of spherical triangles or star- 
like protuberances. The dividing meridians are so chosen as 
to avoid any cutting up of land masses as much as possible. 
For this reason such a star-polar projection is not suitable for 
representing the oceans. Dr. Jager has devised an eight- 
rayed star projection, which was improved by Dr. Petermann; 
H. Berghaus has drawn a similar one with five appendages. 
182. Cylinder Projections.—If we imagine the surface of 
the earth circumscribed by a cone tangent to it along a par- 
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allel, we obtain a conical projection ; if the surface of the earth 
appears replaced by a cylinder tangent to it at the equator, 
we obtain the cylindrical or Mercator projection. 

If we imagine the equator as the middle parallel, quite a 
broad zone of the globe north and south of the equator may 
be considered as coinciding with the surface of the cylinder. 
On this cylinder the meridians are represented as straight 
lines, and the equator and parallels as circles of equal length 
cutting the parallels at right angles (Fig. 123, a).. To represent 
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a zone at a higher latitude, we imagine, instead of the tan- 
gent cylinder, an intersecting one, also cutting the earth's 
surface in the middle of the area to be represented. (Fig. 
-123, 6.) If thereupon we cut the cylinder along a meridian, 
we obtain two systems of straight lines intersecting at right 
angles, representing the parallels and meridians. Maps on 
such projections are in general called flat maps. If the dis- 
tances of the various parallels from each other and also of the 
meridians are all equal, we obtain a network of square meshes, 
as shown in eguidistint flat maps. (Fig. 124.) On such 
maps the distortion of the surfaces increases greatly as we 
approach the pole, because the parallels, instead of dwindling 
to zero, preserve the same length in all latitudes, while the 
meridians retain the natural length. This inconvenience is 
avoided in Mercator’s projection by increasing the distances 


412 MAP CONSTRUCTION. 


between the parallels toward the two poles at the same ratio 
that the parallels increase compared to the equator. (Fig. 


125.) Mercator’s projection is well 
adapted to maps representing the — 8 
distribution of general, especially 
physical, conditions over the whole 
surface of the earth, and for sea- | a 
charts, and any direction may be 2 
represented upon it by a straight 
line. a. 
A modification of the cylinder | 
projection is found in the Sanson- | — 60 
Flamsteed projection (Fig. 126). | ihe 
According to this the parallels are | ae a 
drawn as parallel equidistant | ce es 
straight lines, and on these, to the — 
| 40 
| 
| O 30 
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Fic. 124.—EQUIDISTANT Fic. 125.—MeErRcATOR’s CYLIN- 
FLAY PROJECTION. DER PROJECTION. 


right and left of the middle meridian, the degrees of longitude 
are marked in their true size, and the corresponding points 
of intersection are connected by curves representing the 
meridians.. If the equator be drawn as a straight line and 
the central meridian also as a straight line of half the length 
of the equator, we obtain an elliptic picture of the whole 
surface of the globe according to Mollweide’s or Babinet’s 
homalographic projection (Fig. 127). 

183. Conical Projections.—Conical projections are quite 
analogous to cylinder projections. A certain zone of the 
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globe which is to be represented is conceived to be replaced 
by a zone on the surface of a normal cone, either tangent to 


the sphere or intersecting it (Figs. 128 and 129). 


The paral- 


lels are drawn on the surface of the cone as parallel conical 
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circles, while the meridians are drawn as straight lines on 


the conical surface. 


If the surface of the cone is developed, 


the parallel circles appear as arcs of concentric circles whose 
common center is the apex of the cone, while the meridians 
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appear as straight lines converging to that center. The 
most important conical projections are those of Mercator, 
Lambert, and Bonne. 


Fic. 129. —INrKRSECTING CONE PROJECTION. 


An ordinary or equidistant conical projection based ona 
tangent cone shows the meridians as straight lines proceed- 
ing from the apex of the cone at equal angles, while the par- 
allel circles are equal-spaced circuiar arcs with the same apex 
as center. (Fig. 130.) In JZercator’s conical projection the 
distortion is diminished by making the cone pass through 
two parallels of the area to be represented, so that two paral- 
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lels of the sphere, instead of one, coincide with their pictures. 
(Fig. 131.) This is the projection on which the maps of 
our common atlases and geographies are drawn. Lambert's 
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equivalent conical projection is based on an intersecting cone, 
and the distances of the parallels increase with increase of 
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SOS 


607080 90 100 10180 

Fic. 131.—MERCATOR’S CONICAL Fic. 132.—EQuImvALkENnT CONI- 
PROJECTION. CAL PROJECTION. 

latitude at such rate that the meshes included by them 

and the meridians show the same areas as on the sphere. 


(Fic, 132.) 


4i6 MAP CONSTRUCTION. 


Bonne’s projection is a projection on the tangent cone in 
the. center, oiathe mapatne 
parallel curves being drawn 
A |in the same way as in the 


MOS 
ordinary conical projection. 


SCSI 
on TES XS On these parallel curves, on 
Q en ae » oth sides of the meridian, the 
AS eile jue eS 


AY ae anes in, their tire 4size;~ ands the 
Poceuece! 7 
SCHR EcEH 


P _ points of intersection are joined 


“10 50 «660 «670 30 700 310 120 130 140 | by steady her which give 
Fic. 133.—Poryconic Projection. the meridians. (Fig. 133.) 

184. Constructing a Polyconic Projection.—Of the va- 
rious projections that are best suited to accurate topographic 
or geographic mapping the most suitable is the polyconic pro- 
_ jection, as it corresponds most nearly on a plane surface with 
the spheroidal shape of the earth. It is the projection of a 
series of cones parallel to each parallel of latitude to be drawn 
on the map. Assume the scale of the map as one mile to 
one inch, or I : 63,360. For this scale it will be sufficient 
to draw the meridian and latitude lines at intervals of every 
five minutes or approximately five inches apart, though single 
minute lines may be drawn if desired. The construction of 
such a projection is a simple matter, requiring only the great- 
est care and accuracy in the use of the drafting and measuring 
instruments. The process is as follows: 

Rule a fine vertical line down the center of the sheet. 
(Fig. 134.) Make it as straight as possible with an accurate 
straight-edge. On this lay off the lengths of the several five- 
minute spaces in latitude, these being the d/’s as taken from 
Table XXIII for the scale 1: 63,360. This fixes the points 
of intersection of the parallels at every five minutes with the 
central meridian. Erect on each of these points with the 
beam compass and straight-edge perpendiculars, and draw 
these across the map at right angles to the central meridian, 
as shown in dotted lines. On these approximate parallels lay 
off the quantities dm (Table XXIII) for half the distance of 
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five minutes, that is, for 2’ 30” and 7’ 30” on either side of 
the central meridian and corresponding to the latitude as 
obtained from the table. On the points so obtained on each 


’ ’ B 
30 , 20 Sap gig 10: oti) 98°. gt 


Fic. 134.—CONSTRUCTION OF POLYCONIC PROJECTION. 


30’ of latitude and longitude. Scale 2 miles to 1 inch. Construction lines 
dotted. Final projection lines full. 


approximate parallel erect short perpendiculars, and on these 
lay off the small quantity dp corresponding to the am, and 
connect the various dp’s by straight lines in a horizontal and 
vertical direction. The result will be a projection similar to 
that shown in full lines in the figure. 
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185. Projection of Maps upon a Polyconic Develop- 
ment.—The following table (Table XXIII) is arranged for 
the projection of maps upon a polyconic development of the 
Clarke spheroid. It is on a scale of one mile to one inch, and 
is computed from the equator to the pole, the unit scale being 
one selected for presentation here, as that most generally use- 
ful, since the quantities shown in the table can be most readily 
reduced to those applicable to other scales which are even 
multiples of one mile to one inch. They are reproduced 
from the Smithsonian Miscellaneous Tables, for which they 
were prepared by Prof. R. S. Woodward. 

The following formulas are those used in the preparation 
of this and similar tables, and are derived from the United 
States Coast and Geodetic Survey Report for 1884: 

For lengths of degrees of the meridian (¢) and parallel (d) we have 

dm = III 132™.09 — 566™.05 cos 2@ + 1™.20 cos 4@ — 0.003 cos 69; 

dp = III 415™.10 cos @ — 94™.54 cos 3 + 0.12 cos 5q@, neglecting 
smaller terms, 


where @ = the latitude. 
We have also the square of the eccentricity, 


2__ #2 
2 = 0.006768658 = ~ 
a 
N= = = 1 produced inor axi 
Ve sich oe normal produced to minor axis; . . . . (33) 
wl — F : g 
Git IM - = radius of curvature in the meridian;. . .: (34) 
kp = Neos p = radius of the parallel; Wi aks a eee ae (35) 
i sVicot = radius of the developed parallel or side of 
MOMENI CONES 5 oo op 0 6 4 6 9 GS) 
6=~n sin @, 


in which »# is any are of the parallel to be de- 
veloped, and 6 the angle which it subtends at the 
vertex of the cone when developed. .-°. 2. . (37) 


For projecting from the middle meridian the points of intersection of 
the meridians and parallels we have, using rectangular coordinates X 
and Y, 

PGE NU) Mee ee Gti Ras a les eee we (38) 
and 
Vi = lovtsingiaG Aen ae. cs si aed (39) 
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Scale yytgp, OF One inch to one mile. 


ABIES OS Xel Ty 
COORDINATES FOR PROJECTION OF MAPS. 


(From Smithsonian Tables.) 


Latitude of 


Parallel. 


Meridional Dis- 
tances from 
Even-degree 
Parallels. 


al 


inches. | 


5 
5 
| 5 

5 

5 
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5 


long. | 


, 


, 


Io 


long. 


| 
| 
| 
| 
| 
| 
| 


inches. | inches. 


HF ae 


764 


. 764 
-764 
. 764 
. 764 
-764 


. 764 


- 763 
703 
.762 
-762 
-761 


. 761 


. 760 
-759 
-759 
-758 
-757 


3756 


-756 
-754 
+753 
.752 
-751 


-745 
744 


+743 


‘II.529 


II.528 
lTr.528 


11.528 


|TI.528 
II.527 


Il -527 


‘11.526 
11.525 
11.524 
jIT.524 
II.523 


| 
II.522 


'II.520 
Let 
Liesl 7, 
II.516 
II.514 


|I1.513} 


‘tr.s3t 


II.509 


‘IL-507 
(II.505 
‘I1.503 


‘11.501 
ITI.498 
II.496 
III .493 


|11. 488 


11.485! 


15 


, 


long. 


libpe 


17s 
17h, 
hig) 
Lys 
I7- 


C7 


Tye 
|II-490,17. 
|27: 


lige 


inches. 


293 


293 
292 


, 


20 


long. 


inches. 


23.058 


23-057 
23.056 


(23.056 


23-055 
23-054 


23.054 


23.052 
23.050 
23.049 
|23.047 


423.045 


23.044 


23.041 


-278|23.038 


(23.035 
23.032 
23.029 


|23,.026 


23.022 
23-018 
23.014 
23.010 
23.006 


23.002 


22.996 
22.991 
22.986 
22.981 
22.976 


22.970 


y. 


25 
long. 


inches. 


28.822 


, 


30 
long. 


inches. 
34.586 


34-585 
34.585 
34.583 
34.583 
34-582 


34.581 


34.502 


\34-495 


34-456 
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ORDINATES OF 


DEVELOPED 
PARALLEL, 
dp 
o— 
38 
ne 
=o °° Ta 
ea 
om 
4 
inches.| inches. 
5’ | 0.000! 0.000 
10 +000} .000 
15 +000} .OOI 
20 -000] .OOI 
25 -000; © .002 
30 000! .003 
2° Be 
5 0.000] 0.000 
10 -OOI} .OOI 
15 -OOI} .002 
20 -002! .003 
25 +004} .005 
30 005 008 
° 
4° 5 
5 0.000} 0.000 
10 . OOI OOI 
15 003 003 
20 005 006) 
25 007 009 
30 OIl 013 
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TABLE: XXITE 
COORDINATES FOR PROJECTION OF MAPS. 


Scale gzkgy) OF one inch to one mile. 


ABSCISSAS OF DEVELOPED PARALLEL. dm 


Aas 
“ a ohe ORDINATES OF 
ge ete | DEVELOPED 
Be lsoog ' j j ( } ; PARALLEL. 
ee eae 5 10 15 20 | 25 30 dp 
4 2 dl long. | long. | long. | long. | long. | long. 
inbhes.| inches.| inches.| inches.| inches.|; inches.| inches. 33 
5°00’ 168.708! 5.743/11.485|/17. 228/22 .970/28. 713/34. 456 Se 5" 6° 
| om 
IO |11.452| 5.741|11.482/17. 223 22.964 28.705/34.446 4 | 
20 |22.903| 5.739 II.479 17.218 22.958|28.697/34.436 | inches.| inches. 
30 134-355) 5.738|11-476,17. 213|22-951|28.689 34.427 nl 
40 145.806) 5.736/1I. 472/17. 209|22.945/28. 681/34. 417 5 9.000 0.000 
50 |57.258) 5-735|II. 4609/17. 204/22.938/28.673/34.408| 10° -OOI| = .002 
| | 15 -003} .O004 
6 00 |68.710) §.733/11. 466/17. 199/22. 932/28 -665|/34. 398] 2° .006} . 007 
| 25 2000} "1 OLE 
10 15452! 5. 731|I1- 462/17.193 22.924 28.656 34.387| 3° -O13} .016 
20 |22.904, 5-729)/11.458)17. 188|22.917/28.646/34.375 
30 |34.356| 5.727|11.455/17-182|22. 910 28.637/34.364 
40 |45-808) 5.726|11.451/17.177|22.902/28.628)34.353 
50 |57.2600 5.724/11.447|17.171/22-894/28.618/34. 342 
7 00 68.712, 5. 722/11. 443|17-165|22.887 28.609/34.330 I 8° 
ie) [rr.452! 5. 720|11.439/17.159/22.878 28. 598/34. 317 5 0.000! 0.001 
: 5. -587/34.304| 10 .002] .002 
ee -576/34.291| 15 .005| 005 
| 5: -565/34.278] 96 -008] .009 
| 5- -554/34.265) 92 .013| .OT4 


-543/34-252 


-531/34-237 
.519|34.222 
. 507/34. 208 
-494/34. 193)——— 
.482/34.178 & 


+470|34. 163 


-456|34.147| 10 .003]* .003 
-442/34.130} 15 -006} .006 
.428\34.114} 20 SOLO} | 700d; 
+415/34.097| 25 -O16/ .o1r8 
-401|34.081) 30 023} .026 


387 
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TABLE, XXIII. 
COORDINATES FOR PROJECTION OF MAPS, 


Scale gy}go, Or one inch to one mile. 


2a ABSCISSAS OF DEVELOPED PARALLEL. dm 
3. Ieee ze te = ORDINATES OF 
23 g 202 | | | DEVELOPED 
g oS nd , rd , , ’ , PA b 
SP fesse) Fe fF fe 20 le 28 ja! | eg 
| A r al long. | long. | long. | long. | long. | long. | 
| | 
| inches. | inches, inches. inches. inches. | inches. | inches. 33 
| 10°00'|68.722| 5.677|11.355 17-032 22.710 28.387'34.064, Be TOR ser Ia 
oe | ) Sm 
TU |11.454| 5.674/11.349 17.023 22 2008 /252312 34.046 2 
| 20 |22.909] 5.671/11.343 17.014 22.685/28.357 34.028 | inches. | inches. 
30 134.263] 5.668/11.337'17.005 22.673 28.342 34.010) ‘ 
40 |45.817| 5.665|11.331 16.996 22.661 28.327 33.992 5 0.00I| 0.001 
50 |57.272| 5.662/11.324 16.987 22-649 28.311 33.973] 1° +003} .003 
| | | 15 -006| .007 
| IX 00 |68.726] 5.659|/£1.318 16.978 22.637 28 .296 33.955) 20 -OIT) -.O%3 
| | | 25 -018| .020 
IO |11.455| 5.656/11.312,16.968)22.624 28.280/33.935; 3° .026) .028 
20 |22.910| 5.652/11.305 16.958 22.610 28.263 33.915. 
30 134.365] 5.649/11.298 16.948 22.597 28.246/33.895| 
40 |45.820) 5.646/11.292 16.938 22 584/28 230 33.875 
50 |57-275| 5-642/11.285 16.928 22.570 28.213 33.855, 
| | | | 
Petros ems & 


I2 00 [68.730] 5.639/1L.278 0: 058 23-957 (78.190/43.895 
| | 


IO |11.456| 5.636 11.271 16.907 22.542 28.178 33.814 5 0.001} 0.001 

20 |22.912| 5.632|/11.264'16.896'22.528/28.160 33.792] 10 .003| .004 

30 134-367| 5.628|11.257/16.885'22.514/28.142/33.770| 15 .008) .008 

40 |45.823| 5.625|11.250|16.874/22.499/28.124/33-749] 20 O14) .O15 

50 |57.279] 5.621 II.242/16.864 22.485 28.106 33-727| 25 202 Tl nO23 

| | | 30 .031 033 
13 00 |68.735| 5.618/11.235 16.853 22.470 28.088 33.706 


5 .614|11.227/16.841|22.455|/28.069/33.682 
20 |22.913| 5.610/11.220 16.829 22.439 28.049 33.659 
30 134.370] 5.606/11.212/16.818 22.424/28 .030 33.635 
40 |45.827| 5.602|11.204/16.806|22. 408/28 .o10 33.612; ——— ——_— — 
50 157.284) 5.598 Pi amOb| 0.194122. 302 27.991 33-589 tas 15° 
14 00 68.740] 5.594/11.188|16.783)22.377|27-971|33-565,—_——_ 
| 5 0.00I| 0.001 
10 /II.458] 5.590 11.180/16.770 22.360/27.950/33.540] I0 .004| .004 
20 |22.915| 5.586)11 172 16.758 22.344/27.930 33.515] 15 .009} .009 
39 134.373] 5.582/11.163,16.745|22.327/27.909/33.490| 20 -O16] .0O17 
40 |45.830] 5.578 11.155)16.733 22.310/27.888)/33.465! 25 .025] .026 
50 |57.288] 5.573 II.147 16.720 22.294|27.867/33.440]) 30 -035| .038 
| } | 
I5 00 |68.746) 5.569 BE arab eae 22.277/27.846 33.415 | | 
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Scale gg4g9, OF One inch to one mile. 
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228 ABSCISSAS OF DEVELOPED PARALLEL. dm 
“ ae bb ORDINATES OF 
22 egte | DEVELOPED 
sc |sogs i | , PARALLEL. 
28 Bsac i 10’ 15 20 25/ 30 dp 
4 ta i long. long. ; long. | long. | long. | long. 
inches. | inches. | inches. | inches. | inches. | inches. inches. | ue 
15°00'|68. 746] 5. 569/11. 138/16. 708/22. 277/27 . 846 33.415| me Some tOn 
| ou 
10 |I1.459| 5.565/11.130/16.694/22. 259 27.824 33.389) a 
20 |22.917| 5.560 II.121/ 16.681 22.241|27-802 33.362 inches, | inches. 
30 134.376 5.556/I11.112|/16.667|/22. 223/27. 779 33.335) ; 
40 [45.834] 5.551/11.103|16.654/22. 206/27. 757/33 - 308) S 9] Po@eu| ower 
50 |§7.293| 5-547|1I .094|16.641|22.188/27.735 33.282; 1° eee) Seer 
[Pous -009) .OIO 
16 00 |68.752| 5.542/T1.085|16.628/22.170|27. 713 33.255, 2° 017) 018 
2 -026} .028 
Io [11.460] 5.538/11.076/16.613/22.151|27.689 33.227; 3° -038)  .040, 
20 |22.g919) 5.533/11.066|/16.599/22.132|/27.665 33.198) : 
30 134-379) 5.528/11.057|16.585)/22. 113/27 .642/33.170} 
40 145.838) 5.524/11.047|/16.571/22.094 27.618 33 142 
50 [57.298] 5-51Q|II.038/16. 556|22.075/27. 594/33 - 113, 

17 00 |68.758| 5.514/11.028|16.542/22.056 A ee ati 17) ppeis" 
IO {II.461| 5.509 I1.018|16.527 22.036|27.546/33 055) 5 0.001) 0.00I 
20 |22.92I| 5.504)I11.008/16.512/22.016|27.521'33.025| 10 .0G5/ 005 
30 134-382] 5-499|10.998/16.497|21 .996 27.495 32.994 I5 O11 OIl 
40 145.843] 5.494/10.988|16.482/21.976/27.470 32 964) 20 O19, .020 
50 |57- 304] 5.489/10.978|16.467/21.956/27.445'32.934] 25 029 O31 

| 30 042| .044) 

18 00 |68. 764] 5.484/10.968/16.452/21.936/27. 420 32.904) 
IO |I1.462| 5.479 10.957/16. 436 21.915|27.394/32.872 
20 |22.924) 5.473/10.947|16.420/21 . 894/27. 367 32.540 | 
30 134.386] 5. 468/10. 936/16. 404/21 .872/27. 341/32. 809 
40 145.848] 5.463|10.926/16.389|21.852|27. 315/32. 777, 

50 |57-310) 5.458|/10.915|16. 373/21 .830/27. 288 32. 746 10° 20° 

19 00 |68.771| 5.452/10.905|16.357|21. 809/27. 262 32.714 | 

| 5 0.001} 0.001 

IO |11.463] 5.447/10. 893/16. 340/21. 787/27. 234|32.680| 10 +005; 005! 

20 [22.926] 5.441/10. 882/16. 324/21. 765/27. 206'32.647, 15 O12 Or2 

30 134.390] 5.436/10.871|16.307/21.742/27.178|32.614| 20 O21 022) 

40 |45.853] 5.430]/10. 860/16. 290/21. 720/27 150/32.580, 25 032] .034/ 

50 157-316] 5.424,10.849|16.274121.698/27.123132.547| 30 +046] .049 
20 00 |68.779| 5.419|10. 838/16. 257/21 .676/27.095|32.513 
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HA PILE eX NX bE I 
COORDINATES FOR PROJECTION OF MAPS. 


Scale gy}¢0, Or one inch to one mile. 


| Pe ABSCISSAS OF DEVELOPED PARALLEL. @ 


age 
re eee ae ORDINATES OF 
82 (6322 DEVELOPED 
Bs Sees 5 16! 15/ 20’ | 25 30° PARALLEL. 
SA; | So SRIAy dp 
cal - a long. | long. | long. | long. | long. | long. 
i 
inches. | inches.! inches.| inches.| inches. inches. | inches, Se 
| aah ° ° 
| 20°00'}68. 779) 5. 419/10. 838 16. 257/21 .676 27.095)32.513 22 = as 
| | a 
TO |11.464| 5.413/10.826 16.239|/21.652/27.065/32.478 
20 |22.9209| 5.407|10. 814 16.222/21.629/27 .036/32.443 ' | inches.) inches. 
30 |34.394| 5.401)/10. 803 16. 204/21 .605/27.007|32. 408 7 
40 |45.858| 5.396|10. 791/16. 187/21 .582 26.978|/32.373 Se Shbee sities 
50 |57.322| 5 -390/10.779 16.169 21.558 26.948/32.338 15 olan Lon 
00 |68.787| 5.38410. 768 16.151/21.535/26.919|32.303| 7° Lacie A 
21 79°7| 5-394 i 5 535 919)32 .303 25 .034| .038| 
10 |11.466| 5-378|10.755 16.133 21.511 26.889'32.266 30 549) Lap eoe 
20'|22.932 5.372\10.743 16.115|21. 486/26. 858)32.230 
30 |34-397| 5. 366/10. 731|16.097)21. 462/26. 828/32.193 
40 |45. 863) 5-359|10.719 16.078 21.438|26.797/32.156 
50 |57-329) 5-353|10. 707,16.060/21. 413/26. 767/32.120 
22 00 168.795] 5-347 10.694 16.042/21. 389 26. 736/32.083 22 23 
TO |I1-467| 5.341|/10 682'16.022|21. 363/26. 704/32-045 5 0.001! 0.001 
20 |22.934| 5.334|10-669 16.003/21 . 338|26.672)32.006] 10 -006} .006 
30 134.401) 5.328}10.656 15.984/21.312/26.641/31.969} 15 O13) .O14 
40 |45.868) 5.322/10.643/15.965/21.287/26.609/31.930| 20 .023} .024 
50 157-3360] 5.315,10.631,15.946)21. 261|26,577/31.892| 25 HOGO| eIOGS 
| 30 .052]  .054 


23 00 |68.803| 5.309 10. 618/15 .927|21. 236/26. 545/31.853 


IO |IT.469} 5.302/10.604|15 .gO7/21. 209/26 511/31.813 

20 |22.937| 5.296|10.591|15.887|/21. 182/26. 478/31 .774 

30 |34.406| 5.289/10.578|15.867/2T. 156/26. 445/31. 733 

40 |45.874| 5.282/10.565|15.847/21. 129/26. 412/31 . 694; ——— 

50571343) 52270 10.551,15.827 21.102/26.378 31.654 24° 25° 


24 00 |6S.812| 5.269)/10.538/15. 807/21 .076)/26. 345|/31.614 


263110. 526/15. 789/21 .052/26.315 31.577 10 .006 =.006 
. 256/10. 512/15. 767/21 .023|/26. 279/31 .535| 15 -OI14| .O14 


5 
5 
30 134-410] 5. 249/10. 498|15.746)/20.995|26.244/31.493] 20 +025)| 026 
5 
5 
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Aaa) XOMINUL. 
COORDINATES FOR PROJECTION OF MAPS. 


Scale ggden, Or one inch to one mile. 


2. |ABSCISSAS OF DEVELOPED PARALLEL. adm 
~, (eh, ORDINATES OF 
23 ano DEVELOPED 
B@ (eeoE ' ee ee a Bel ot PARALLEL. 
aa fesad| > : Pal = dp 
4 = a long. | long. | long. | long. | long. | long. 
inches.| inches.| inches.| inches.| inches.| inches. | inches. 33 
25°00'|68. 821) 5.227/10.455|/15.682|/20. g10|26. 137/31 .365 we 25 26 
. On 
} 4 
IO |11.472| 5-220/10. 441/15. 661/20. 881/26. 101/31. 322 
20 |22.943| 5.213|10.426|15.639)20.852|26.065/31.279 | inches.| inches. 
30 134.415] 5+2060/10. 412/15 .618|/20. 824|26.029|31. 235 , 
40 145.886] 5.199|10. 397/15 . 596/20. 795|25 .993|31 - 192 i Bie yo ae 
: . 005 
50 |57-358| 5-191|10-383|15. 575/20. 766/25 .958/31.149 15 cor4| .0is 
20 -026]/ .026) 

26 00 [68.830] 5.184]10. 3690|15 553/20. 737/25 .922/31. 106 25 “o40| 041 
10 |11.473| 5-177/10. 354/15. 531/20. 708/25. 884/31. 061 38. -058)" .059 
20 |22.946| 5.169}/10. 339/15. 508|/20.678/25.847|31.017 
30 134.419) 5-162/10 324/15.486 20.648)25.810/30.972 
40 145.892| 5.154/10. 309/15 .463/20.618|25.772)30.927 
50 |57.305| 5-147|10. 204/15. 441/20. 588/25 . 735/30. 882|/——_—— 

27 00 168.838] 5.I40]10. 279/15 .419,20. 558/25. 698/30. 838 al 28° 
IO |11.475| 5-132/10. 264/15 .396)20. 528/25 .659|30. 791 5 0.002) 0.002! 
20 |22.950| 5.124|10. 248/15. 373/20. 497/25 .621/30.745| 10 -007} .007 
30 |34.424| 5-116/10. 233/15 .349 20. 466/25 .582/30.699] 15 ~OF 5) #1 OLG 
40 145.899] 5-I0g|I0. 218/15 .326|20.435|25.544/30.653] 20 JO2 7h O26 
50 |57.374| 5-IOI|/10. 202/15 . 303/20. 404|25.505|/30.607| 25 042) .043} 

30 .O6T} .063) 

28 00 |68.849) 5.093/10. 187|15.280/20. 374/25 .467/30.560 
IO |II.476| 5.085/10.171;15. 256/20. 342/25 .427/30. 513 
20 |22.953| 5.077/10.155|I5.232/20. 310/25 . 387/30. 465 
30 134.430] 5-O069/10. 139/15. 208/20. 278/25 . 347/30. 417 
40 |45.906} 5.061/10.123/15.185/20. 246/25 . 308/30. 369) ——— 

50 157-383] 5-054/10. 107/15. 161/20. 214/25 . 268/30. 321 { ° 
29 30 

29 00 |68.859| 5.046/10.091/15. 137/20. 182/25. 228/30.274 — 

5 0.002} 0.002 

IO [11.478] 5.037|10.075/15.112|20.150/25.187|30.224| 10 .007| .007 

20 |22.957| 5.020|/10.058/15.087/20.117/25.146/30.175| 15 -O16| .0o16 

30 134.435] 5-02T1/10. 042/15 .063/20.084/25.105/30.126] 20 -028] .029 

40 |45.913] 5.013/10.025|15.038/20.051/25.064/30.076| 25 -044) .045 

50 |157.391| 5-004|/10.009/15 .013/20. 018/25 .022/30.027 30 -064) .065 
30 00 |68.870) 4.996} 9.993/14.989/19.985|24.981)29.978 


COORDINATES FOR PROJECTION OF MAPS. 


TUS SOCAVE 
COORDINATES FOR PROJECTION OF MAPS, 


Scale gx$y9, OF One inch to one mile. 


425 


| 
Ba’ ABSCISSAS OF DEVELOPED PARALLEL. am 
Se) a ob. ORDINATES OF 
o® (8,98 DEVELOPED 
BE peess PAKALLEL 
Sauer asm Sl) ey 10’ 15’ 20’ 25° 30’ a : 
ga | osma ip 
2 = al long. | long. | long. | long. | long. | long. 
inches.) inches,| inches.| inches.| inches.| inches.| inches. 33 | 
30°00’ 68.870) 4.996 | 9.993 | 14.989) 19.985) 24.981] 29.978 me | a 32 
pear 4 
bce) | II. -480) 4.988 | 9.976 | 14.963) 19.951| 24.939] 29.927) - = 
20 22.960 4.979 | 9.959 14.938 19.917) 24.896) 29.876 j inches.| inches. 
30 |34-440) 4.971 | 9.942 14.912) 19.883) 24.854) 29.825 end @cOds 1 Olode 
40 45.920, 4.962 | 9.925 14 887) 19.849! 24.812] 29.774 23 007 1007 
£0 }57: 400 4.954 | 9.908 [EAse22 19-815) 24.769|29-723| 1. roremory 
; 20 .029; .030 
31 00 68. 880 4.945 | 9 891 34:838 19 782) 24.727| 29.672 25 roel ose 
10 | 11.482) 4.937 | 9.873 14.810 19.747 24.683] 29.620 3° 2005. [ tCO7 
20 22.964 4.928 | 9.856 | 14.784] 19.712) 24.640) 29.568 
30 |34-446 4.919 | 9.838 |14 758) 19.677! 24.596) 29.515 
40 | 45.927| 4.910 | 9.821 14.731) 19.642 24.552 29.463 
50 157° 409| 4.902 | 9.804 (14.705, 19.607) 24.509} 29.411; — ——- — —— 
32 00 168. ake 4.893 | 9.736 14.679 19-572) 24 465| 29.358 pa 33 
Io raha 4.884 | 9.768 14. 652) 19.536) 24.420! 29.305 5 | 0.002 | 0.002 
20 | 22.967 4.875 | 9.750} |14.625| 19. 500 24.376) 29.251]; 10 -007 | .008 
30 34-451 4.866 | 9.732 14 598 19.465 24.331 29.197) 15 -O17 | .O17 
40 45.934) 4.857 | 9 714 |14.572 19.429 24. 286 29.143} 20 +030 | -031 
50 eek 4.848 9.696 | 14.545 19.393 24 241, 29.089] 25 047] .048 
| 30 .068 | .069 
33 00, 68. 902 A. $39 9.679 tent 19.357 24.196 29.036 
10 = 485, 4. 830. 9.660 14 490 1g. 320 24. 150) 28.980 
20 | 22.971] 4. 82r | | 9 642 | 14.462 Ig. 283, 24.104| 28.925 
30 | 34. 456 4.812 | 9.623 |14.435 To. 246. 24.058| 28.870 
40 45.942, 4.802 | 9.605 |14.407 19.210 24.012) 28.814/———_;———_ ae 
50 57.427 4.793 9-586 ee ae, Ig. 173) 23.966) 28.759 34° | 35° 
34 00 68.913 4.784 9. 568. T4. 352 19. 136 23.920) 282704) 4 
— : 5 0,002 0,002 | 
TO |I1.487, 4.774 | | 9-549 14. 323, 19.098) 23.872|28.647; 10 -008  .008 | 
20 122.975 4.765 | 9.530 14.295 19.080 23.825|28.590| 15 ,0L7)) .OL8 | 
30 34.462 4.755 | 9.511 |14.267/ 19. 022 23.778) 28.533] 20 203,15 F031 
40 |45-949 4-746 9.492 14.238 18.984 23. 730| 28.476] 25 1049)) 049 | 
50 |57-437, 4-737 9-473 as 210 18. 946) 23.683/28.420 30 DIO") ao7E 
| 
35 00 68.924 4.727 9.454 14181 18.905 25.636 28.363 | 


426 


MAP CONSTRUCTION. 


Latitude of 
Parallel 


oO 


oO 
mS 


39 00 


40 oc 


Even-degree 


tances from 
Parallels 


Meridional Dis- 


& 
Nx 


inches. 


68.924 


11.439 
22.978 
34.468 
45-957 
57-440 


68.935 


II.491 
22.983 
34.474 
45.965 
57 457 


68.948 
IT.493 
22.986 


| 34.480 


45.973 
57.466 


68.959 


TT.495 
22.990 
34.485 
45.980 
57-475 


68.970 


1T.497 
22.994 


TABLE: XXIII. 
COORDINATES FOR PROJECTION OF MAPS. 


Scale gxxq9 OF One inch to one mile. 


ABSCISSAS OF DEVELOPED PARALLEL. dm 


5 To’ 


long. | long. 


15’ 
long. 


, 


20 ‘ 


25 


long. | long. 


inches. 


4.727 | 9.454 


4.717 
4.708 
4.698 
4.688 
4.679 


| 9-435 
9-415 
9.396 
9.377 
9-357 

4.669 9.338 
9.318 
g.298 
9.278 
g.258 

| 9.238 

Ne 

| 

4.599 | 9.198 

4.589 | 9.178 

4.579 9-157 

| 9.137 

9-117 

| 


4.659 
4.649 
4.639 
4.629 
4.619 


4.609 


| 9.096 


9.076 
9-955 
9-034 


inches. 


inches. 


14.181 


14.152 
14.123 
14.094 
14.065 
14.036 


14.007 


13.977 
13.947 
13.917 
13.887 
13.858 


13.828 


13.797 
EOF, 
13.736 
13.706 
13.675 


13.645 


13.613 
13.582 
13.551 
13.520 
13.488 


13.457 


13.425 
13.393 
13.361 
13.330 
13.298 


13.266 


inches. | inches, 


18.908) 23.636 
18.870 
18.831 
18.792 
18.753 
18.714 


2REE ST 


| 23.490 
123.442 
23.393 


\\ 


18.676| 23.345 
18,636) 23.295 
18.596) 23.245 
18.556 23.195 
18.517| 23.146 
18.477] 23.096 


18.437) 23.046 


18.396) 22.995 
18.356 22 944 
| 18.315] 22.894 
18.274 22.843 
18.234| 22.792 
18.193| 22.741 
|18.151| 22.689 
18.109} 22.637 
18.068) 22.585 
18.026) 22.533 
17.984| 22.481 


17.943] 22.429 


17.900 
17.858 


22.375 
| 22.322 
17.815| 22.269 
1L7. 773) 22-210 
17.730, 22.163 


17.688) 22.110 


| 23-539 


| 28.246 
28.188 
28.130 
| 28.072 


28.014 


27.954 
27.894 
27.835 
27-775 
27.615 


27.656 


27.594 
|27 533 
|27.472 
27.411 
27.350 


27.289 


27.227 
27.164 
Dye oy) 
27.039 
26.977 


26.851 
26.787 
106.723 
26.659 
26.595 


26.532 


26.914|" 


ORDINATES OF 


DEVELOPED 
PARALLEL. 
ap 

von 

EF 
=o 35° 36° 

aca 

an 
inches. | inches. 
5’ | 0.002 ' 0.002 
TO -008 | .oo8 
15 -0o18 | .o18 
20 JOZL | O32 
25 -049 | .050 
30 .O7T | MO72 
37 38" 
5 | 0.002 0 002 
10, | .008) .008 
15 o18 | .o18 
20 032 033 
25 050 O51 
30 :073 | .073 
39° | 40° 
5 | 0.002 0.002 
Io .008 | .008 
15 sOL38sl" SOTO 
20 503380035 
25 .051 | .052 
30 +074 074 


COORDINATES FOR PROJECTION OF MAPS, 427 


vee OX TLL: 


COORDINATES FOR PROJECTION OF MAPS. 
Scale g3¢so) OF One inch to one mile. 


A ae jABSCISSAS OF DEVELOPED PARALLEL. dm 
Cage es ORDINATES OF 
o® [Sy 92 DEVELOPED 
ae teog s PARALLEL 
2S \Eesk if 10’ Tes 20' 25) oy 
Se [bsme| 5 : vi dp 
coal = er long. | long. | long. | long. | long. | long. 
inches. , inches. | inches. | inches. | inches. | inches. | inches. 33 
| | | | = 5 ° ° 
40°00") 68.982) 4.422 | 8.844 | 13.266 17.688 22.110 26.532| 2 | 40 41 
| | 
[ia al | | ay 
~ 10 j11.499| 4.411 | 8.822 | 13.233) 17.644] 22.055] 26. 466 ce 


8.8 
20 | 22.998) 4.400 | 8.800 | 13.201 17.601 22.001) 26.401 | inches, | inches. 
30 |34-497 4.389 | 8.779 13.168 17.557 21.947 26.336 | 
40 |45-996| 4 378 | 8.757 | 13.135/17.514| 21.892) 26.271 5 | 0.002 | 0.002 
50 57-495 4.308 | 8.735 13.103 17.470  21.838/26.206| 10 -008 | .008 


| | 15° | i019) :Ot9 
41 00 (68.904! 4.357 | 8.713 | 13.070 17.427'21.784| 26.140] 20--| .033] .033 
| | 25 .052 | .052 


TO | 11.501| 4.346 | 8.691 | 13.037, 17.383 21.728) 26.074 39 +074 | 075 

| 23.002] 4.325 | 8.669 | 13.004 17.338) 21.673| 26.007 | 

30 | 34-503) 4 324 | 8.647 | 12.971' 17.294) 21.618) 25.941 

40 | 46.004] 4.312 | 8.625 | 12.937) 17.250] 21.562/ 25.875 

50 | 57-506} 4.301 | 8.603 | 12.904 17.205, 21.507)| 25.808] - 
| 


42 00 69.007) 4.290 | 8.581 | 12.871 17.161| 21.451/25.742 4° 43° 


10-| 11.503] 4.279 | 8.558 | 12.837 17.116] 21.395|25,674 
20 | 23.006; 4.268 | 8.535 12.803! 17.071! 21.338] 25.606 5 | 0.002 | 0.002 
30 | 34.510] 4.256 | 8.513 112.769 17.025|21.282/25.538} 10 -008 
40 | 46.013] 4.245 | 8.490 ‘12.735 16.980] 21.22 /25.470 Be ieee se 
50/5765 R23 .46 Ds 6. 21.169) 25.402 . : 

50 37 = 4.234 | 8.4 aye 7OI 16.935 | 5.4 seiomaes eeee 


43 00 | 69.019) 4.222 | 8.445 |12.667 16.890] 21.112/25.334| 3° -075 | .075 


4.211 | 8.422 112.633 16.844 27.054/ 25.265 
4.199 | 8.399 12.598 16.798 20.997)| 25.196 

30 | 34°515| 4.188 | 8.376 |12.564 16.751 20.939/ 25.127 
Mol 7Onllo. 359 (2.520) LOs 705) 20.0021'25,.050|" nia in Snare me me 
4.165 | 8.330 12.494 16.659 20.824|24.989 443 45° 


44 00 | 69.030) 4 153 | 8.307 12.460 16.613 20.767/ 24.920 


i 
10 | 11.507] 4.142 | 8.283 |12.425 16.566/20.708/ 24.849] 1° 008 
20 | 23.014] 4.130 | 8.260 |12.390! 16.519) 20.649'24.779] 15 
30 | 34.522] 4.118 | 8.236 |12.354' 16.473] 20.591/ 24.709] 2° -034 | .034 
40 | 46.029} 4.106 | 8.213 |12.319 16.426 20.532/24.638] 25 BOS 2 +053 
50 157-536] 4.095 | 8.189 |12.284 16.379 CE a eas 30 O75 | - 


45 00 | 69.043] 4.083 | 8.166 "12.249 16.332 20.415) 24 498 
i" = ars Ts) 


428 


Latitude of 
Parallel 


F ; , 
Scale gyigp, OF One inch to one mile. 


MAP CONSTRUCTION. 


AN OG UAE 
COORDINATES FOR PROJECTION OF MAPS. 


Meridional Dis- 
tances from 
Even-degree 
Parallels. 


al 


ABSCISSAS OF DEVELOPED PARALLEL. dm 


B/ 
long. 


! 


Io 


long. 


long. 


long. 


/ , 


30 
long. 


25 
long. 


inches, 


69.043 


11.509 
23.018 
34.528 
446.037 
57-546 


69.055 
TI.511 
23.023 
34-534 
46.045) 
57-557 


69.068 
11.513 
23.027 
34-540 
46.053 
57-567 


| 
69.080, 


II.516) 
23.031 
34-546 
46.062 
57-577 


69.093 


mares 17) 
23.035, 
34-552 
46.070 
57-587 


69.105 


inches. 


4.083 


4.071 
4.059 
4.047 
4.035 
4.023 


4.011 


3-999 
3.987 
3-975 
3.963 
3-951 


3-938 


3.926 
3-914 
3.901 
3.889 
3.877 


3.864 


3.852 
3.839 
3.827 
3.814 
3.802 


3.789 


3.776 
3.764 
3-751 
3.738 
3-725 


3-713 


inches. 


8.166 


8.142 
8.118 
8.094 
8 070 
8.046 


8.023 


7-998 
7-974 
7-950 
7.925 
7.901 


7-877 


7.852 
7-827 
7.803 
7-778 
7-753 


7-729 


7-704 
7.679 
7.653 
7.628 
7.603 


7-578 


7-553 
7-527 
7.502 
7.476 
7-451 


7.425 


Ls 


11.630 


(EE 


I 
Il. 


| 
che inches, 


12.249 16.332 
12,213, 16.284 
12.177| 16.236 
12.141/ 16.188 
12.105 16.141 
12.070 16.093 
12. 


034/ 16.045 


Il 15.997 
15.948 
15 899 
15.351 
15.802 


-997 
g6r 
11.925, 
11.888 
11.852 
Il, 


815,15 754 


11.778 
11.741 
II.704 
11.0607 


15.704 
15 655 
15.006 
15.556 
15.507 
I1.593, 15-457 
555| 
II.518 
11.480 
II.442 
II.405 


15 407 
15.357 
15.307 
15.257 
15.206 
11.367) 15.156 
Toke 
II 


15.105 
15.054 
15.003 
14.952 
wie 14.901 


329 
291 


II. 
Il. 


aN fr; 


Nase, 


inches.| inches. 


20.415| 24.498 
| 


20.355)| 24.426 
20.295 24.354 
20.236! 24.283 
20.176 24.211) 
20.116' 24.139 


20.056 24.068 


19.996 23.995 
19.935 23-922 
19.974 23.849 
19.813 23.776 
19 753 23-703) 
19.692) 23.630 
19.630 23.556 
19.569 23.482! 
19.507] 23.408 
19.445) 23.334 
1g 383 23.260) 


19-322 23.186 


19.259/ 23.111 
19.196 23 035 
19.134| 22 960 
19.071 22.885 


19.008} 22.810! 
18.945 | 22.734 
18.882 22.658 
18.818 22.581 
18.754 22.505, 
18 690 22.429 
18.627) 22.352 


18.563 22.276 


ORDINATES OF 


DEVELOPED 
PARALLEL. 
o— 
ze | 
we | 45° | 46° 
aca 
om 
J 
inches.| inches.| 
5’ | 0.002! 0.002 
10 008} .008 
15 OI9| .0o1g 
20 034) .034 
25 053) .053 
30 076| .076 
| 
47 48° 
5 0.002; 0.002 
10 008! .008 
15 O19) -O19 
20 -034| .033 
25 052) 052! 
30 075| .075| 
49 50° 
5 0.002| 0.002 
1 €0) -008} .008 
15 OIg| (op me) 
20 O33) eOs3 
25 052) .052 
30 -075 075 


COORDINATES FOR PROTECTION OF MAPS. 429 


COORDINATES FOR PROJECTION OF 


Scale gg}sp) Or one inch to one mile. 


TABLED eV XX IL 


MAPS. 


ABSCISSAS OF DEVELOPED PARALLEL. dm 


| ' 
eae 
Qe 
Sa fees 
ov ScyVTL 
Be |e3oe) 5° | 10 
nee ce Deeg 
Be jo Sma, 
re = long. long. 
di 
inches. inches. inches. 
50°00'| 69.105] 3.713 | 7.425 
IO | 11.520] 3.700 | 7.399 
20 | 23.039] 3.687 | 7.374 
30 34-558) 3.674 7.348 
40 | 46.078) 3.661 | 7.322 
50 |57.598! 3.648 | 7.296 
5k OO OQ. EL 7) 3.035 | 7.270 
= oF | 
TOW TT. 521) 3.622 | 72244) 
20 |23.043, 3.609 | 7.218 
30 | 34.564) 3.596 Medea 
40 46.086) 3.583 | 7.165 
50 |57-607| 3.570 | 7.139 
52 00 |69.128| 3.556 7.113 
IO | 11.523} 3.543 | 7-086 
20 | 23.047| 3.530 | 7.060 
30 |34.570| 3.516 | 7.033 
40 | 46.094] 3.503 | 7.006 
50 |57-617| 3 490 | 6.980 
53 00 | 69.140) 3.477 | 6.953 
| 
IO | 11.525! 3.463 | 6.926 
20 | 23.051| 3.450 | 6.899 
30 | 34.576 3.436 [peeze 
40 | 46.102} 3.42 6.845 
50 |67.627, 3.409 | 6.818 
| | 
54 00 69.152 3.396 6.791 
| 
NOM Li.527) 3.982 | 6.764 
20 | 23.055) 3.368 | 6.737 
30 | 34.582| 3.355 | 6 709 
40 | 46,109 3.341 | 6.682 
50 | 57.636| 3.327 | 6.655 
55 00 |69.164, 3.314 | 6.628 


Ul 


15 


long. 


inches. 


11.138 
11.099 
11.060 
11.021 
10.983 
10.944 


10,905 


10.389 


, 


20 


long. 


inches. 


14.850 


14.799 
14.747 


14 695) 


14.644 
14.592 


14.540 


14.488 
14.436 
14.383 
14.330 
14.278 


14.226 


14.172 
14.119 
14.066 
I4.013 
13.960 


13-906 


13.852 
13.798 
13.745 
13.691 
13.637) 
13.583 
13.528 
13.474 
13.419 


13, 3 Ou 
13.310 


13.255 


t 


25 


long. 


inches. 


18.563 


18.499 
18.734 
18.369! 
118.305 
| 

/18.240 


18.176 


18.110 
18.045 
17-979 
17.913 
17.848 


TO 2 


17.716 
17.649 
17.583 
17.516 
17.450 


17.383 


17.316 
17.248 
17.181 
Welle 
17.046 


16.979 


16.910 
16.842 
16.774 
16.706 
16.637 


16.569 


30° 


long. 


inches. 


PIPL P56) 


22.198 
POP 
22.043 
21.965 
21.888 


21.811 


21.732 
21.653 
21.574 
21.496 
21.417 


ORDINATES OF 


DEVELOPED 
PARALLEL. 
ap 
on 
3 . fo) ° 
cae 50 51 
ene 
[o} — 
= 
inches. | inches. 
5’ | 0.002 | 0.002 
10 .008 | .008 
15 .O19| .OI9 
20 SOS 3mECOS3 
25 O52 OS 1 
30 :075| .074 


52° |, 83. 

5 0.002 | 0.002 
10 .008 008 
I5 .O18 018 
20 .033 032 
25 OSI 050 


° ° 


54 5) 


5 | 0.002 | 0.002 


TO .008 .008 
15 .018 .O18 
20 O20) O32 
25 050} .049 
30 107 2) eOnik 
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Dis- 


Latitude of 
Parallel. 


57 


58 


59 


MAP CONSTRUCTION. 


WTSI OX ITIME, 
COORDINATES FOR PROJECTION OF MAPS. 


Scale gg4yy, Or One inch to one mile. 


a 


g% |ABSCISSAS OF DEVELOPED PARALLEL. dm : 
abe ORDINATES OF 
ce DEVELOPED 
s e Ss 5! 10’ ey? | 20’ 25/ 30° PARALLEL. 
BEET | = 
S long. | long. | long. | long. | long. | long. 
al | 
inches. | inches. | inches. inches. | inches. inches. | inches. | SF 
| Lees eh es 
69.164] 3-314 | 6.628 | 9.941 13.255|16.569 19.883 BE | °° | ° 
om 
Po) 
II.529) 3-300 | 6.600 | 9.g00 13.200] 16.500 19,800, 
23.059| 3.286 | 6.572 | 9.859 13.145]/16.431 19.717 | inches. | inches. 
34.588] 3.272 | 6.545 | 9.817 13-089)16 362 19.634, a 
46.117 3.258 | 6.517 | 9 776 13.034] 16.293 19.551| me Sn aca 
57.646] 3.245 | 6.489 | 9.734 ‘eles 16,224 193408 5 Srstene 
69.176) 3.231 | 6.462 | 9.693 12.924/16.155 19.38 | 20 032.031 
ha ae 924 bey 25 .049 | .049 
11.531/ 3.217 | 6.434 | 9.651 12 868/16.085 19.301) 3° OFT eee 
23.063} 3.203 | 6.406 | 9.609 12.812/16,.015 19.217; 
34-594| 3.189 | 6.378 | 9.567 12.756/15.945 19.134 
46.125) 3.175 | 6.350 9-525 12.700 15.875 19.050. } 
57.656) 3.161 | 6.322 | 9.483 (12.644 15.805 18.966 | | 
| =) | ° 
69.188) 3.147 | 6.294 | 9.441 te ase aad cast pe ee 
11.533) 3.133 | 6.266 | 9.398 12.531/1£.664 18.797 5 | 0.002 | 0.002 
23.066, 3.119 | 6.237 | 9.356 |12.475|/15.594 18.712) 10 | .008]| .008 
34.599; 3.104 | 6.209 | 9.314 12.418/15.523 18.627 15 | .o17| .o17 
46.132) 3.090 | 6.181 | 9.271 |12 362/15.452 18.542 20 | .031 030 
57.666] 3 076 | 6.152 | 9.229 12.305 15-381 18.457, 25 .048 | .047 
| | 30 | .069] .068 
69.199| 3-062 | 6.124 | 9.186 12.248]15.311 18.373 
Z | | 
II.535' 3.048 | 6.096 | 9 143 12.191/15.239 18.287 
23.074 3.034 | 6.067 | 9,101 12.134/15.168 18.201; 
34.605 3.019 | 6.038 .| 9.058 12.077/15.096 18 115 
46.140 3.005 | 6.010 | 9.015 12 020)15.025 18.029 
57:675) 2.991 | 5.981 | 8.972 11.962 eet (eat 59° 60° 
69.210, 2 976 | 5.953 | 8.929 11.905/14.882 17.858. [ecgeeeeo 
| | 5 C 002 | 0.002 
11.537) 2.962 | 5.924 | 8.885 11.847/14.809 17.771] 10 | .007 | .007 
23.074 2.947 | 5.895 | 8.842 11.790)14.737 17.684] 15 O17 .o16 
34.610 2.933 | 5.866 | 8.799 ‘I1.732 14.665 17.597) 20 -030 | .029 
46.147 2 918 | 5.837 | 8 755 |11.674/14.562 17.510) 25 -046 | .045 } 
Sees 2.904 | 5.808 | 8.712 (11.616 Sac 30 .067 | .065 
69.221 2.890 | 5.779 | 8.669 11.558/14 448 17.337 | 
| eyes tt 
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WIA dA 
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Scale gy4so, Or one inch to one mile. 


fee ic en 
Aas ABSCISSAS OF DEVELOPED PARALLEL. dm 
6 [ge bs ORDINATES OF 
ss Sees ; ; . . ‘ DEVELOPED 
Be feges! 5 $9 15 20 25 30 PARALLEL. 
we (5 SMA, dp 
y = long. | long. | long. | long. | long. | long. 
al 
| . 
inches. | inches.| inches. | inches.) inches. | inches. | inches. SE 
she 
60°00’ | 69.221! 2.890 | 5.779 | 8.669 11.558] 14.448 17.337 Be 60° | 61° 
4 
TO | 11.539} 2.875 | 5.750 | 8.625 | 11.500) 14.375|17.249 


20 | 23.077| 2.860 | 5.721 | 8.581 | 11.441/ 14.302| 17.162 inches. | inches. 
30 | 34.616] 2.846 | 5.691 | 8.537 | 11.383|/14.229|17.074 , 
40 | 46.154] 2.831 | 5.662 | 8.493 | 11.324|14.156|/16.987| 5 | 9-002 | 0.002 


10 .007 | .007 
50 | §7.693| 2.816 | 5.633 | 8.450 | 11.266) 14.083] 16.899 eS ears) were 

ren .604 8.406 | 11.208) 14.010'16.811| 2° S020 eo 29 

61 00 | 69.232) 2.802 | 5.604 8.406 | 11.208 14 25 .045 | .045 
IO | 11.540] 2.787 | 5.574 | 8.361 | 11.148) 13.936) 16,723 30 1065 | .064 


20 | 23.081] 2.772 | 5.545 | 8.317 | 11.090] 13.863] 16.634 
30 | 34.621| 2.758 | 5.115 | 8.273 | 11.030) 13.788] 16.546 
40 | 46.162| 2.743 | 5.486 | 8.229 | 10.972) 13.715] 16.457 
50 | 57.702| 2.728 | 5.456 | 8.184 | 10.912) 13.641)| 16.369] ——— 


62 00 | 69.242) 2.713 | 5.427 | 8.140 | 10.854) 13.567, 16.280 


10 | 11.542] 2.699 | 5.397 | 8.096 | 10.794, 13.493, 16.191 5 | 0.002 | 0.002 
20 | 23.084) 2.684 | 5.367 | 8.051 | 10.734) 13.418 16.102} ro .007 | .007 
30 | 34.626) 2.669 | 5.337 | 8.006 10.675) 13.344' 16.012] 15 O16 | .ors 
40 | 46.168) 2.654 | 5.308 | 7.961 | 10.615|13.269 15.923] 20 .028 | .027 
50 | 57.710] 2.639 | 5.278 | 7.917 | 10.556) 13.195 15.833] 25 .044 | .043 


63 00 | 69.253] 2.624 | 5.248 7.872 | 10.496 13.120 15.744 
| | 


TO |11.544| 2:609 | 5.218 | 7.827 | 10.436 13.045 15.654 
20 | 23.087] 2.594 | 5.188 | 7.782 | 10.376] 12.970 15.564 
30 | 34.631] 2.579 | 5.158 | 7-737 | 10.316 12.895 15.473 
40 | 46.175] 2.564 | 5.128 | W.OO2)| 10.250) 02.020) L5.303)\ an 
50 |57.718] 2.549 | 5.098 | 7.647 | 10.196 ad 15 293 64° 65° 
64 00 | 69.262) 2.534 | 5.068 7.602 | 10.136 12.670 15.203 


| 
IO | 11.545] 2.519 | 5.037 | 7.556 | 10.075/12.594 15.112} 10 .007 | .006 } 
20 | 23.091! 2.504 | 5.007 | 7.511 | 10.014, 12.518 15.022) 15 ,O15 |} .OT4 
30 |34.636| 2.488 | 4.977 | 7-465 | 9-954) 12.452,14.930] 20 -026| .026 
40 | 46.182] 2.473 | 4.947 | 7-420] 9.893)12.367 14.840] 25 .O4I | .O40 
| 4.916 | 7.374 | 9.832) 12.291 14.7491 30 -060 | .058 


ur 
° 
oa 
of 
“I 
Nv 
SJ 
iS} 
> 
n 
oo 


65 00 69.272 2.443 | 4.886 | 7.329 | 9.772 sonatas 
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AeA KOCOUE 
COORDINATES FOR PROJECTION OF MAPS. 


Scale gy}aq, OF One inch to one mile. 


5) 


Ze ABSCISSAS OF DEVELOPED PARALLEL. @m 
ene ae es ORDINATES OF 
eo |fn08 DEVELOPED 
Sa jesse PARALLEL 
Se See oF 10’ 15/ 20' 25’ 30° y ; 
oa jo Saa cp 
4 a by, long. | long. | long. | long. | long. | long. f 
inches, | inches.| inches.| inches.| inches.| inches.| inches. Sq 
=e ° ° 
€5°00']69.272) 2.443 | 4.886 | 7.329 | 9.772 |12.215/14 658] 2's 65 66 
! Qe 
TO |11.547| 2.428 | 4.855 | 7.283 | 9.711 |12.139)14.566 
20 |23.094| 2.412 | 4.825 | 7.237 | 9.650 |12.062|14.474 inches.| inches. 
30 |34.641| 2.397 | 4 794 | 7-191 | 9.588 |11.986/14 383 A 
40 |46.188] 2.382 | 4.764 | 7.145 | 9.527 |I11.909|14.291 5 | 0.002 | 0.002 
50 |57.735| 2.366 | 4.733 | 7.100 | 9.466 |11.833/14.199) 1° 006 | .006 
15 -O14 } .OI4 
66 00 |69.282)| 2.351 | 4.702 | 7.054 | 9.405 |11.756|14.107| 2° -026 | .025 
° 25; .040| .039 


TO |11.548| 2.336 | 4.672 | 7.007 | 9.343 |11.679|14.015| 3° -058 | .056 
20 }23.097) 2.320 | 4.641 | 6.961 | 9.282 |11.602)13.922 
30 134.646 2.305 | 4.610 | 6.915 | 9.220 |11.525|/13.830 
40 |46.194) 2.290 | 4.579 | 6.869 | 9.158 |11.448/13.738 
50 |57-742| 2.274 | 4.548 | 6.823 | 9 097 |11.371/13.645 


67 00 69.291) 2.259 | 4.518 | 6.776 | 9.035 |11.294| 13.553 67° 68° 


TO |II.550| 2.243 | 4.487 | 6.730 | 8.973 |11.217|13-460 

20 |23.100) 2.228 | 4.455 | 6.683 | 8.g11 |11.139/13.366 5 | 0.001 | 0.001 
30 134.650] 2.212 | 4.424 | 6.637 | 8.849 |1r.061/13.273) 1° -006 | 006 
40 |46.200] 2.197 | 4.393 | 6.590 | 8.787 |10.984/13.180| 15 -OI14 | .O13 
50 |57-750| 2.181 | 4.362 | 6.543 | 8.724 |10.906/13.087| 2° OED ARs 


68 00 |69.300| 2.166 4.331 6.497 | 8.662 |10.828)12.994| 3° +054 | 053 


10 |11.552| 2.150 | 4.300 | 6.450 | 8.600 |10,750| 12.900 
20 |23.103} 2.134 | 4.269 | 6.403 | 8.538 |10.672)12.806 
30 }34.654] 2.119 | 4.237 | 6.356 | 8.475 |10.594| 12.712 
40 |46, 206) 2.103 | 4.206 | 6.309 | 8.412 |10.516)12.619/__ 
50 |57.758) 2.088 | 4.175 | 6.263 | 8.350 10.438) 12.525 69° 70° 


69 00 |69.309] 2.072 | 4.144 ' 6.216 | 8.288 |10.360/12.431| -—|—__ 


¥O |TI.553] 2.056 | 4.112 | 6.169 | 8.225 |10.281/12.337]} 1° -006 | .005 
20 | 23.106] 2.040 | 4.081 | 6.121 | 8.162 |10,202/12.242| 15 :013 | .O12 
30 |34.659| 2.025 | 4.049 | 6.074 | 8.099 |10.124/12.148| 2° 7022 | .022 
40 |46.212] 2.009 | 4.018 | 6.027 | 8.036 |10.045|12.054| 25 7035 | -034 
50 |57-764| 1.993 | 3-986 | 5.980 | 7.973 | 9.966/11.959| 3° | +051 | .049 


70 00 |69.317| 1.977 | 3-955 | 5.932 | 7.910 | 9.888/11.865 
— — oN le, meen ld en 
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PAR REA XIII! 
COORDINATES FOR PROJECTION OF MAPS, 


Scale g3$59) Or One inch to one mile, 


ee ABSCISSAS OF DEVELOPED PARALLEL. am 
S. |se a ORDINATES OF 
&2 |§gts DEVELOPED 
BE jooet D , q ' F t PARALLEL. 
sé fssag 5 Io 15 20 25 30, dp 
= = al long. | long. | long. | long. | long. | long. 
inches.| inches , inches! inches | inches.| inches.| inches. 33 
70°00'|69.317] I-9-7| 3.955] 5-932] 7.910] 9.888|11.865 ae Sate aly 
om 
To 11.554] 1.962) 3-923) 5.885 7-846] 9.808/11.770|_7 
20 23.109] 1.946, 3.892 5.837| 7-783] 9.729)11-675 inches | inches. 
30 34.663) 1.930] 3-860) 5.790) 7.720] 9.650'11.579 ; 
40 46.217] 1.914) 3.828) 5.742] 7-656) 9.571/11.485 5 0.001) 0.001 
50 57.772| 1.898) 3-796 5.695} 7-593) 9-491/11.389] 1° SOO Ere OOS 
| 15 -O12|  .O012 
71 00 69.326] 1.882) 3.765 5.647] 7-530] 9-412|11.294| 20 -022] .02T 
| 25 +034) +032 
IO |I1.556| 1.866) 3.733 5.600] 7.466] 9.333/11-199| 3° -049| +047 
20 23.TII] 1.850] 3.701, 5.552) 7-402) 9. 253/11. 103 
30 34.667) 1.835) 3.669 5.504] 7-338] 9.173|11.008 
40 '46.222] 1.819, 3.637, 5.456) 7-275) 9.094/10.912 
50 (57-778) 1.803] 3.605) 5.408) 7.211] 9.014/10.816 
72 00 '69.334| 1.787] 3.574 5-360] 7-147] 8.934|10. 721 72. 73% 
| | 
10 |II.557; 1-771| 3-542 5-312] 7.083] 8.854/10.625 5 © -001| oO Gor 
20 23-114, 1.755) 3-509 5-264} 7-019) 8.774/10.528) 16 -€O5| .005 
30 34.670) 1.739] 3-477) 5-216] 6.955) 8.694/10. 432 15 .OIT| .orr 
4O 46.227] 1.723) 3-445) 5.168] 6.891] 8.614/10.336} 45 .020| .019 
50 57-784] I.707| 3-413) 5.120 6.826} 8.533)10.240 25 -031| .029 
| | 30 -044| .042 
73 00 69.341| 1.691) 3.381, 5.072] 6.762} 8.453)10.144 
TO 111.558] 1.674] 3.349 5.024] 6.698) 8.373/10.047 
20 |23.116| 1-658] 3-317, 4-975 6.634 8.292) 9.950 
30 34.674| 1.642) 3.284) 4.927| 6.509] 8.211] 9.853 
407146. 292| 1.626] 3.252} 4.878) 6.504) 8.131) 9.757}———|-—— 
50 57-790| I.610| 3.220 4.830] 6.440) 8.050) 9.660 6 : 
| 74 75 
74 00 69.348] 1-594] 3.188 4.782) 6.376) 7-970) 9.563 
| 5 0.001] 0.001 
IO |II.559| 1.5478] 3.155! 4.733] 6-311| 7-889] 9-466) 10 004 004 
20 |23.118| 1.562) 3.123 4-685] 6.246) 7.808) 9.369) 15 .O10 009 
30 134.677] 1.545| 3.091] 4.636] 6.181 7-727) 9.272) 20 -o18 O17 
40 46.236] 1.529) 3 058] 4.587| 6.116] 7.645) 9.175] 25 .028] .026 
50 57-796) 1.513 re 4.539] 6.052) 7.565) 9-077} 30 -040) 038 
75 00 69.355 1.497, 2-993 4.490| 5.987} 7-484] 8.980 | 
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Scale gghep, Or one inch to one mile. 
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TABLEAXSOLL 
COORDINATES FOR PROJECTION OF MAPS. 


2. ® |ABSCISSAS OF DEVELOPED PARALLEL. dm | 
Ss. aie te ORDINATES OF | 
Pi eee DEVELOPED 
Be legse P :e. ae a Bet 3! PARALLEL. H 
ai (Gsaa| > > ed Bg dp 
taal Ie al long. | long. | long. | long. | long. { long. 
inches.| inches.| inches,| inches.| inches.) inches.| inches. Se | 
75°00'|69.355| 1-497| 2-993 4-490] 5.987! 7.484] 8.980] &2 TS. re | 
| fe lS) | { 
10 |11.560| 1.480] 2.961 4.441] 5.922) 7.402| 8.882'_— | 
20 |23.120| 1.464] 2.928 4.392] 5.856) 7.321] 8.785| inches. inches.| 
30 34.681] 1-448| 2.896 4.344] §.792) 7-240] 8.687; 
40 |46.241| 1.432} 2.863 4.295) 5.726 7.158} 8.590] 5 | 0-001) 0.00%) 
50 |57.80r| 1.415| 2.831| 4.246] 5.661) 7.077/ 8.492} 1° (OOG eoet 
| 15 +009 009) 
76 00 |69.361| 1.399! 2-798, 4.197] 5.596, 6.995| 8.394! 2° O17 ° . 016) 
25 -026, 025) 
IO |11.561/ 1.383) 2.765 4.148] 5.530 6.913) 8.296) 3° -038) .036} 
20'|23.122! 1.366) 2.733 4.099] 5.465, 6.832] 8.1098 | 
30 |34.683] 1.350] 2.700 4.050 5.400) 6.750| 8.099 | I 
40 |46.244| 1.334) 2.667. 4.001] 5.334) 6.668] 8.002 | 
50 |57.806| 1.317; 2.634 3.952] 5.269 6.586) 7.903 
77 00 |69.367| 1.301) 2.602 3.903] 5.204 6.505 7.805 his 78° 
| i 
IO 11.562) 1.284) 2.569 3.854 5.138) 6.423] 7.707] 5 0.00T| 0.00r} 
20 |23.124| 1-268) 2.536 3.804] 5.072 6.341] 7.609) yo -004 .003}| 
30 134.686] 1.252] 2.503 3.755| 5-006] 6.258] 7.510) 15 .008 .008! 
40 |46.248 1.235, 2.470 3.706] 4.941, 6.176) 7-411 we O15, .o14. 
50 |57.810| 1.219) 2.438 3.656) 4.875) 6.094] 7.313 25 023 wed 
| 
(o) | 
78 00 |69.373| 1.202 2.405 3.607} 4.810) 6.012] 7.214 z my Sh. 
| | | 
IO |11.563] 1.186) 2.372 3.558) 4.744) 5.930] 7.115 | { 
20 |23.126] 1.169 2.339 3.508 4.678) 5.847] 7.016 | 
30 134.689] 1.153] 2.306, 3.459] 4.612) 5.765] 6.918 
40 |46.252| I 136) 2.273 3.410) 4.546) 5.683] 6.819, | 
50 |57.814| 1.120) 2.240 3.360! 4.480) 5.600] 6.720 aia ° 
| | 79 80 
79 00 |69.377; 1.104) 2.207, 3.311) 4.414) 5.518] 6.621 ' — 
| | 5 0.001; 0.001: 
IO 11.564] 1.087) 2.174 3.261) 4.348] 5.435| 6.522) 10 JOO3|5 |=003 
20 |23.127| 1.070, 2.141| 3.211] 4.282) 5.352] 6.422| 15 .607} .006, 
30 134.691) 1.054 2.108 3.162] 4.216} 5.270!) 6.323! 20 .0T3| -O1T| 
40 146.255] 1.037 2.078) 3-112] 4.150|.5.187| 6.224) 25 .020] .or8| 
50 |57.818] 1.021 his 3.062] 4.083} 5.104] 6.125) 30 -028 026) 
| 
80 00 he tae 1.004 ee 3.013] 4.017} 5.022] 6.026 
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186. Use of Projection Tables.—Where it is proposed to 
project a map on a scale which bears a decimal ratio in inches 
to linear miles, the quantities to be laid off can be derived 
directly from Table XXIII. This table is arranged on the 
scale of one mile to one inch, and the quantities to be laid 
off for meridians or parallels are given in inches. For any 
other scale, as that of two miles to one inch, and, for ex- 
ample, for a 30’ projection between latitudes 31° and 31° 30’, 
and say in longitude 98° to 98° 30’ (Fig. 134), the quantities 
to be laid off on the projection are to be obtained in inches 
from the table for every 5’ by halving the amounts in the 
table. Quantities required for projections ruled at shorter 
intervals than 5’ may be obtained by moving the decimal 
point. Thus for parallels 3’ apart the quantity corresponding 
to differences in latitude of 30’ is sought and the decimal 
point moved one place to the left, etc. 

Where it is desired to make a projection on any other 
scale than that bearing an even decimal relation of inches to 
miles, projection tables, XXIV, XXV, and XXVI, should 
be used. The first of these, Table XXIV, gives the exact 
lengths of degrees of parallels and meridians in meters and 
in statute miles, and these may be reduced to inches or 
other scale. Tables XXV and XXVI may be used in pro- 
jecting large-scale maps, approximately within the limits of 
the United States, between latitudes 24° and 51° north. 
The first of each pair of columns in Table XXV gives the 
latitude, and opposite to it the corresponding length of one 
minute of parallel in meters. These may be reduced to any 
map scale by consultation of reduction tables (Chap. XXX.) 
Corresponding values less than one minute may be obtained 
by moving the decimal point one place, which will give the 
value for six seconds. Thus, in Table XXV, for latitude 28° 
the length of one minute of parallel is 1639.4 meters. The 
length of six seconds of the same parallel is obtained by mov- 
ing the decimal point one place to the left, 163.94 meters. 
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For the lengths of meridional arcs the quantities dm are 
obtained for a given latitude from Table XXVI in the follow- 
ing manner: For the latitude and for the number of degrees 
of longitude included in the projection, the length of dm as 
given in meters, which is to be found in the first column, 
is to be laid off both to right and left of the vertical central 
meridian. At each of the points thus found perpendiculars 
are to be erected which will be parallel to the central meridian, 
and the lengths of the corresponding ordinates dp are to be 
laid off uponthem. Through the extremities of each of these 
perpendiculars draw lines which will give the confining out- 
lines of the curves of the parallels and meridians. Spaces 
between the extremities ¢ may now be divided into con- 
venient equal parts of the same value, 5’ or 15’, etc., as was 
given the spaces between the nreridians. Curved lines drawn 
between these will represent the parallels of the completed 
projection according to the number of equal parts used. 

187. Areas of Quadrilaterals of Earth’s Surface.—It is 
sometimes desirable to determine the areas of quadrilaterals 
of the earth’s surface, and these may be found directly from 
Table XXVIII. Areas of quadrilaterals of less or greater ex- 
ent than one degree may be found by simple division or 
multiplication. 

188. Platting Triangulation Stations on Projection.— 
The projection of the map being now constructed, it is neces- 
sary to plat upon it the exact positions of the triangulation 
stations. These must, of course, have been previously com- 
puted, so that their geodetic coordinates (Chap. XXIX) are 
exactly known. These coordinates are given in degrees, 
minutes, and seconds of arc. Assume that the projection has 
been so platted that meridian and parallel lines are shown for 
every ten minutes; then the nearest degrees and ten minutes 
of latitude and longitude of each position are taken out and 
the corresponding rectangle found in which the point will fall. 
The odd minutes and seconds, those greater than ten min- 
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(Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884.) 
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444° MAP CONSTRUCTION. 


TABLEo XX VL 


FOR PROJECTIONS OF MAPS OF LARGE AREAS. 


(Extracted from Appendix No. 6, U. S. Coast and Geodetic Survey Report for 1884, by 
Henry Gannett.) 


MERIDIONAL ARCS. COORDINATES OF CURVATURE. 


NATURAL SCALE.—VALUES OF dm AND a IN METERS. 


Latitude 49°. Latitude 50°. 
Long. adm. ap. Long. am. ap. 
| 
1° oo! 739172 482 1° 00! 71,696 479 
2 00 146,331 1,928 2 00 143,379 1,917 
3 00 219,465 45337 cp Ce) 215.037 45313 
4 00 292,561 75799 4 00 286,656 7,667 
5 00 365,606 12,044 5 00 358,224 11,978 
6 oo 438,588 17,340 6 00 429,727 17,246 
7 00 511,493 23,598 7 00 501,154 23,409 
8 oo 584,310 30,815 8 oo 572.492 30,646 
9 00 657,026 38,991 Qg 00 643,727 38,777 
TO 00 729,527 48,123 TO 00 714,847 47,859 
Ir oo 802, 102 58,213 II 00 785,839 57:891 
12 00 874,438 69,254 I2 co 856,691 68,872 
13 00 946,622 81,248 13 00 927,389 80,708 
14 00 1,018,642 94,191 14 00 997,922 93,669 q 
15 00 1,090,485 108,082 15 00 1,068,277 107,482 
16 00 1,162,138 122,918 16 00 1,138,440 122,234 
17 00 1,233,591 138,097 17 00 1,208,400 137,923 
18 00 1,304,829 155,416 18 00 1,278,144 154,546 
1g 00 1,375,840 173,071 IQ 00 1,347,660 172,009 
20 00 1,446,613 191,660 20 00 1,416,934 190, 581 
2Ir 00 1,517,135 211,180 21 00 1,485,056 209.987 
22 00 1,587,394 231,623 22 oo I.554,711 230,314 
23 00 1,657,378 252,998 23 00 1,623,189 251,559 
24 00 1,727,073 275,288 24 00 1,691,377 273,717 
25 00 1,796,470 298,495 25 00 1,759,262 296,785 
26 00 1,865,554 322,614 26 00 15826,833 320,758 
27 00 1.934,315 347,640 27 00 1,894,077 345,033 
28 00 2,002,740 3735570 28 00 1,969,983 371,404 
29 00 2,070,817 400,309 29 00 2,027,538 398,068 
39 00 2,138,536 428,123 30 00 2,093,731 425,019 
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TABLE XXVII. 


AREA OF QUADRILATERALS OF EARTH’S SURFACE OF 1° 


EXTENT IN LATITUDE AND LONGITUDE. 
(Prepared by R. S. Woodward.) 


| Middle Middle Middle Middle 
Latitude| ; Area Latitude] . Area Latitude | . Area Latitude| . Atea 
in Square in Square in Square in Square 
of Quad- Mil of Quad- Mil of Quad- Miles of Quad- Mii 
rilateral. AEG rilateral. SEG rilateral. ie rilateral. mee 
0° 00! 4752-33 25° 30/ 4300.17 50° 30! 3047-37 75° 30° 1205-13 
o 30 52-16 26 00 4282.50 5r 00 15.34 76 00 1164.49 
I oo 51.63 26 30 64.51 51 30 2983.08 76 30 23°75 
i» 30 50.75 27 00 46.20 52 00 50.58 77. 900 1082.91 
2 00 49.52 27 30 27.56 52 30 17.85 7a 30 41.99 
2 30 47-93 : 
3 00 46.00 28 00 08.61 53 00 2884.88 78 00 1000.99 
3 30 43-71 28 30 4189.33 53 30 51.68 78 30 959-90 
4 00 41-07 2y 00 69.74 54 00 18.27 79 00 18.73 
4 30 38 08 29 30 49-83 54 30 2784.62 79 30 877.49 
5 00 34-74 30 00 29.60 55 oo 50-76 80 00 36.18 
5 30 31-04 30 30 4109.06 55 30° 16.67 80 30 794-79 | 
6 00 27.00 3I 00 4088.21 56 v0 2682.37 81 00 53-34 
6,30 22.61 3I 30 67.05 56 30 47.85 81 30 11.83 
7 00 17.86 32 00 45-57 57 00 13,03 82 00 670.27 
| 7 30 12.66 32 30 23-79 57. 30 2578.19 82 30 28.64 
8 00 07.32 33 00 o1.69 58 00 43-05 83 00 586.97 
8 30 O1.52 33 30 3979-30 58 30 07.79 83 30 45-24 
9 00 4695.38 34 00 56.59 59 00 2572.16 84 00 03-47 
9 30 88.89 34 30 33-49 59 30 36.42 84 30 461.66 
10 oO 82.05 35 00 10.28 60 00 00.48 85 00 Ty .8¢ 
10 30 74.86 34 30 3889.67 60 30 2364.34 85 30 377-93 
Il oo 67.32 36 00 62.76 61 00 28.02 86 oo 36.02 
It 30 59-43 36 30 38.56 61 30 2291.51 86 30 294.08 | 
12 00 51.20 37 00 14.06 62 00 54.82 87 00 52.11 
}, 2: 30 42.63 37.30 3789.26 62 30 17.94 87. 390 10.12 
13 00 33-71 38 00 64.18 63 00 2180.89 88 00 168.12 
13 30 24.44 38 30 38.80 3 30 43-66 88 30 126.10 
14 00 14.82 39 00 13.14 64 00 _ 06.26 89 00 84.07 
14 36 04.87 39 30 3687.18 64 30 2068.68 89 30 42.04 
15 00 4594-57 40 00 60.95 65 oo 39-94 go 00 00.00 
15 39 4583-92 40 30 34-42 65 30 1993-04 
16 00 72-94 41 00 07.62 66 00 54-97 
15 30 61.61 4I 30 3580.54 66 30 16.75 
17 00 49.94 42 00 53-17 67 900 1878.37 
17 30 37-93 42 30 25:54 67 30 39.84 
18 00 25-59 43 00 3497.62 68 00 180116 
18 30 12,90 43 30 69.44 68 30 1762.33 
19 00 4499.87 44 00 40.98 69 00 23.30 
19 30 86.51 44 30 12.206 69 30 1684.24 
20 00 72.81 45 00 3383-27 7O oo 45.00 
} 
20 30 58.78 45 30 3354-01 79 30 05.62 
21 00 44.41 46 00 24.49 71 00 1566.10 
21 30 29.71 46 30 3204.71 7t 30 26.46 
| 22 00 14.67 47 00 64.63 72 00 1486.70 
22 30 4399.30 47 30 34-39 72 30 46.84 
23 00 83.60 48 00 03.84 7a, oO. 06.81 
23 30 67.57 48 30 3173-04 73.32 1366.69 
| 24 ‘00 51.21 49 00 41.99 74 00 26.46 
|) 24 30 34-52 49 3° 10.69 74. 30 1286.12 
te 25: 100 17.51 50 00 3079.15 75 00 45.68 
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utes, are then reduced to minutes and their decimals. These 
are multiplied by the corresponding distances, taken directly 
from Table: XXIII or Tables XXV and XXVI, and corre- 
sponding to one minute for the map scale selected. 

Having found these quantities, they are platted as differ- 
entials of latitude northward from the last latitude line ruled 
on the projection, and as differentials of longitude westward 
from the last longitude line platted on the projection, and 
-perpendiculars are erected, the intersections giving the exact 
position of the point: When all the points falling within the 
area of the map have been platted in this manner, the accu- 
racy of the plat may be tested by computing the differences 
‘of latitude and longitude backward by subtracting the min- 
utes and fractions from the next greatest ten-minute projec- 
tion line. They are also to be checked by measuring the 
distance between the various points as given in the computed 
geodetic coordinates and reduced to the map scale. 

189. Scale Equivalents.—The proper scale to employ 
for a topographic map is dependent wholly upon the pur- 
poses to which that map is to be put. Where it is desirable 
to show the topography of a large area of country on a single 
map, the smallest scale should be employed which will permit 
of representing the features it is desired to show, for the 
reason that the smaller the scale the larger the area brought 
in view of the eye on one piece of paper. Again, the scale is 
affected materially by the method of representing relief. If 
contours are employed, sucha scale must be used as will 
permit of all the contours being shown in the proper places 
without crowding them too closely upon the map, on the one 
hand, and yet without their being so far apart, on the other 
hand, as to detract from the expression which they give to 
the surface relief. In general it may be stated that for a 
given contour interval the smallest scale should’ be chosen 
which will permit of properly platting the contours, for thus, 
by bringing them closer together, the best effect is obtained 
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in depicting the forms mapped, and the largest area is shown 
on a given map sheet. 

For exploratory maps scales as small as one to one- 
millionth may be employed. For geographic maps scales of 
1: 63,360 to 1: 500,000 may be most satisfactorily employed. 
For general topographic maps scales of 1:.10,000 to 1: 63,360 
will be sufficiently large to permit of properly representing the 
terrane. For cadastral maps scales of 1:2,500 to I: 10,000 
may be used, and for these as well as for detailed topographic 
maps for the working out of engineering problems scales as 
large even as 100 or 200 feet to the inch may be employed. 

Table XXVIII gives in fractional form the ratio of inches 
corresponding to a given distance in feet, miles, meters, or 
kilometers, as represented by the reduction from nature 


SIDA RIp Exe Vall 
SCALE EQUIVALENTS FOR VARIOUS RATIOS. 


Feet Miles Meters Kilometers Ratio 
to One Inch. to One Inch. to One Inch. to One Inch, (Number Inches). 
b Core) 0.019 30.578 0.031 I 1,200 
400 0.076 121.882 0.122 I 4,800 
500 0.095 152.854 0.184 I 6,000 
800 0.151 243.533 0.244 I 9,6c0 
8834 0.158 254.177 0.254 I 10,000} 
1,000 0.189 305.708 0.306 I 12,000 
2,500 0.473 761.9 0.762 I 30,000 } 
2,640 0.5 804.6 0.805 I 31,680 
3,3334 0.631 T,015.9 1.016 I 40,000 
3,750 0.710 1,143 1.143 I 45,000 
5,000 0.947 1,523.9 1.524 I 60,000 
5,208 0.988 1,587 1.587 I Dz s0e 
5,280 I 1,609.3 1.609 I 63,360 | 
6,666 | 1.263 2,031.9 2082 I 80,000 
7,500 142 2,285.8 2.286 I gO, 000 
8,333 | 1.578 2,539-9 2.54 I: 100,000 
10,416 1.976 Bel acG) 3.175 I 125,000 
10,560 2 3,218.6 3.219 I 126,720 
16,6664 3.156 5,079.8 5.08 I 200,000 
20,832 3-952 6,349.8 6.35 I 250,000 
21,120 | 4 6,437.3 6.437 I: 253,440 
31,680 | 6 9,655.9 9-656 I 380,160 
41, 666% 7.891 12,699.6 Ue G) I: 500,000 
83,333% 15.783 25,399.2 25.4 I : 1,000,000 
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to maps of different scales. This table gives a number of 
those equivalents corresponding to the more usual map scales 
employed both in engineering topography and in the topo- 
graphic and geographic atlases published by State and Gov- 
ernment organizations. 

Table XXIX gives equivalent ratios showing the num- 
ber of inches corresponding to one mile. 


TABLE XXIX. 
RATIOS EQUIVALENT TO INCHES TO ONE MILE. 


1 “inch “to a mile.) Equivalent 163,366 


I inciies om, s ot 1: 50,688 
14 66 66 I 676 OG 1:47,520 
IZ oe oe I “e sé I: 42,240 
12 66 66 I 66 66 I: 39,600 
Le a MS SG poy eG GG 122 5,0LG 
@ Cas 66 I oe 6¢ 12 37,060 
24 66 66 I [a3 “é 1225,344 
3 “s Gag Poy) OG 1:21,120 
4 ce 66 I ee 46 I: 15,840 
5 6c“ 6c I 66 éeé 512,072 
6 ac Goa Gb oe 1: 10,560 
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190. Methods of Map Construction.—There are two 
generai modes of representing artificially in map form the 
various topographic features surveyed. These are: 

1. Representation on paper by means of various conven- 
tional signs used in topographic drawing; and 

2. Representation of the relief in a miniature model, 
special features of culture or drainage being denoted by 
conventional signs painted thereon. 

A third method, and one which is most graphic in the 
depiction of surface forms, is by making a photograph of a 
model map, the result being a relzef map. 

The various processes employed in indicating the results 
of a topographic survey on paper are described as topographic 
drawing (Art. 191). Those employed in representing the 
same on a model map are known under the general expression 
modeling (Art. 198). 

Relief maps are photomechanical copies of model maps 
(Art. 198). 

191. Topographic Drawing.—In drawing topographic or 
geographic maps, a few conventional signs have been gener- 
ally accepted for the representation of the various features of 
the terrane. Wavy lines, corresponding in plan to their posi- 
tions upon the surface of the earth, are employed to represent 
outlines of seacoast or lakes, margins of streams, etc. In 
representing a stream it is customary to begin at the head- 
waters, where the stream is smallest, with the finest possible 

449 


450 TOPOGRAPHIC DRAWING. 


line, increasing its width as the stream increases in size, 
until toward the mouth, if the map scale will permit it—a 
single line failing to be sufficient for its representation—it 
becomes necessary, to double-line it, the two lines represent- 
ing as nearly as possible to scale the outlines of the shores of 
the stream. Water surfaces, such as those of oceans or lakes 
or of broad rivers, are indicated by parallel lines called water 
lines, somewhat like contour lines, and the distance between 
them at the shore is about equivalent to the width of the 
line, this distance being increased rapidly away from the 
shore until the lines disappear entirely. (Figs. 43 and 146.) 

Surface forms of relief are represented by two general 
systems: 

1. The vertical system, by achures (Figs. 19, 141, and 


143), which are short lines parallel to the direction of flow of 


water on the slope and based upon a scale of shades so 
graduated as to represent the relative amount of light which 
may be reflected from various degrees of slope; and 


2. The horizontal system, by contours (Figs. 4, 135, and 


139), which are continuous lines representing equal vertical 
intervals and which are in fact projected plans of the line at 
which a water surface (of the ocean, for instance) would inter- 
sect the surface of the earth were it raised successively by equal 
amounts. These contours are, then, curved lines which repre- 
sent in plan the country as it would appear if it were cut by a 
series of equidistant horizontal planes. The contour interval, 
as it is called, or the distance between two contour lines, may be 
assumed at pleasure, but must be constant for the same map. 

Still another method of representing surface slopes is by 
crayon or brush shading (Fig. 138), so as to give the effect 
produced by hachures, but in a uniform tint; and still another 
and perhaps the best method of all is that of shading a 


contour map in such manner as to produce the graphic relief 
effect resulting from hachures, while at the same time it retains. 


the quantitative property given by contours. (Fig. 136.) 


_ 
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B), AND HACHURE CONSTRUCTION (A). 


Fic. 135.—CoNnTOUR (D), SHADE-LINE ( 
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The representation of relief by achures is graphic only. 
By this method quality of relief is the first consideration, and 
quantity or relative amount of relief is secondary. (Figs. 135 
and 143.) Where quantitative relief is necessary, as in the 
work of the engineer or geologist, a contour map is essential. 
While such a map is possessed of mathematical qualities and 
clearness that are lacking in the hachured map, it fails to a 
large degree in representing the details of the surface, and, 
moreover, its representation of surface forms is difficult of 
interpretation by the inexpert. The representation of relief 
by hachures has been characterized as a graphic system with a 
conventional element, and the contour method of representing 
relief as a conventional system with a graphic element, the 
latter being obtained when the contour interval is so small as 
to produce a shading in the map, as when the scale selected 
is relatively small. (Figs. 4, 34, and 35.) 

In any form of map-shading the lighting may be taken 
from one of two directions. If vertical, that Is, from above, 
no high lights are introduced, but the highest summits have 
the lightest tint. The better and more commonly accepted 
method of shading is to assume that the light comes from an 
angle of 45° to the left, or, in other words, from the upper 
left-hand corner of the map; the northwest corner (Figs. 136, 
138, and 143) and the high lights are, therefore, those which 
are tangent to this direction. 

Two effective methods of representing relief which are 
most useful in sketching in the field on a plane-table board 
are: 

1. By means of sketch or broken contours; and 

2. By means of crayon shading. 

Sketch contours have the general form. of continuous con- 
tour lines and represent the slopes in plan pictorially. They 
also give differences of altitude relatively, but the quantity 
of relief is not accurate over any great space on the map, 
(Figs. 15, 23, and 137). When the final drawing is made in 
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office from such a sketch map, the altitudes which have been 
determined everywhere give points upon which connected 
contour lines can be constructed by following the forms in- 
dicated by the sketch contours. 

Crayon or brush shading bears about the same relation to 
hachure drawing as do sketch contours to continuous contour 


A) 


Fic. 137-—SKETCH CONTOURS. XALAPA, MEXICO. 


lines. By the means of a soft crayon or pencil the shapes 
and steepness of slope of the terrane can rapidly be repre- 
sented in the field, and, if it is desired, the same can afterwards 
be worked up into a finished hachure map, or, providing ele- 
vations are sufficiently abundant, into a contour map. 

192. Contour Lines.—In order to represent the terrane 
quantitatively, that is, to show not only the slopes and shapes 
of the country and the relative steepness of the hills, but 
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also amounts and differences in elevation at any point, a 
system of map construction is employed called contouring. 
Contour lines are lines of equal elevation above some datum 
as the mean sea-level. They are drawn at regular vertical 
intervals, their distances apart being dependent upon the 
horizontal scale of the map, and they thus indicate not only 
actual differences of elevation, but degrees of steepness or 
grades. 

Contour lines express three degrees of relief: 

1. Elevation; 

2. Horizontal form; 

3. Degree of slope. 

The manner in which they express these is illustrated in 
the following perspective view and contour sketch (Fig. 139), 
taken from the explanatory text accompanying the atlases of 
the U. S. Geological Survey. 

The sketch represents a valley between two hills. In the 
foreground is the sea with a bay which is partly closed by a 
hooked sand-bar. On either side of the valley is a terrace; 
from that on the right a hill rises gradually with rounded 
forms, whereas from that on the left the ground ascends 
steeply to a precipice which presents sharp corners. The 
western slope of the higher hill contrasts with the eastern by 
its gentle descent. In the map each of these features is 
indicated, directly beneath its position in the sketch, by 
contours. The following explanation may make clearer the 
manner in which contours delineate height, form, and slope: 

1. A contour indicates approximately height above sea- 
level: in this illustration the contour interval is 50 feet; 
therefore the contours occur at 50, I00, 150, 200 feet, and so 
on, above sea-level. Along the 250-foot contour lie all 
points of the surface 250 feet above: sea; and so with any 
other contour. In the space between any two contours occur 
all elevations above the lower and below the higher contour. 
Thus the contour at 150 feet falls just below the edge of the 


CONTOUR SKETCHING. 


Fic. 138.—RELIEF BY CRAYON SHADING. 
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terrace, while that at 200 feet lies ubove the terrace; there- 
fore all points on the terrace are shown to be more than 150 
but less than 200 feet above sea. The summit of the higher 
hill is stated to be 670 feet above sea; accordingly the con- 
tour at 650 feet surrounds it. In this illustration nearly all 


Fic. 139.—CoONTOUR SKETCH. 


the contours are numbered. Where this is not possible, 
certain contours, as every fifth, are made heavy and are num- 
bered; the heights of others may then be ascertained by 
counting up or down from a numbered contour. 

2. Contours define the horizontal forms of slopes: since 
contours are continuous horizontal lines conforming to the 
sutface of the ground, they wind about the surfaces, recede 
into all re-entrant angles of ravines, and define all promi- 
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nences. The relations of contour characters to forms of the 
landscape can be traced in the sketch and map. 

3. Contours show the approximate grade of any slope: 
the vertical space between two contours is the same whether 
they lie along a cliff or on a gentle slope; but to rise a given 
height on a gentle slope one must go farther than on a steep 
slope. Therefore contours are far apart on the gentle slopes, 
and near together on steep ones. 

193. Contour Construction.—In representing on a map 
the relief or configuration of the surface of the land by means 
of contour lines two objects are to be kept constantly in 
mind. 

1. The contour lines must be so constructed as to always 
maintain with accuracy relative and absolute elevations. 

2. They must be so drawn as to give a distinct picture of 
the shapes of. the country as though viewed from a consider- 
able altitude above the surface. 

Contour lines are actual mathematical horizontal projec- 
tions, to a given scale, of the intersection of the surface of the 
terrane by imaginary horizontal planes. Moreover, these 
imaginary planes are, for any given map, accepted as being at 
equal and uniform vertical distances apart. 

Contour lines are drawn during the processes of eye 
“sketching” (Fig. 139) by making an imaginary projection 
in plan of numerous sections through the hill viewed. This 
is illustrated in Fig. 140, which represents a section through 
a hill and indicates graphically the manner in which the con- 
tours are projected. Each individual contour line is the pro- 
jection of the intersection of the horizontal plane through the 
hill. In learning to sketch contours the topographer will do 
well at first to keep in mind clearly this form of construction, 
and wherever in doubt as to the mode of representing any 
feature he should construct a profile sketch of it, draw hori- 
zontal section lines through it and project them in plan. 
In this manner he will soon learn to mechanically perform 
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this operation in imagination, and later, as his skill develops, 
will draw contour lines without performing any intermediate 
"mental operations. 


Fic. 140.—CoNTOUR PROJECTION. 


194. Hachures.—Hachuring is a conventional method of 
representing the relief of a country by shading, in short dis- 
connected lines, in such manner as to indicate its slopes and 
relative steepness. The distance apart of the lines, their 
weight or thickness, and accordingly the degree of density 
which they produce on the map give qualitative and not 
quantitative results. These lines are of varying lengths, and 
are drawn in the direction of the slopes and in such manner 
as to horizontally encircle them in bands, and the width of 
these is intended to represent equal vertical heights. 

In order, therefore, to construct a hachure map it is neces- 
sary to sketch approximate contour lines (Fig. 141), the dis- 
tance between any two of these representing approximately a 
fixed vertical distance. Between these contour lines and at 
right angles to them are drawn the hachure lines, the contours 
being only penciled in and the hachures inked so that ultimate- 
ly the contour lines disappear. The hachure lines, as already 
stated, are not made continuous, but rest on the horizontal 
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or contour curves, which are thus indicated by the termini of 
the hachure lines. In hachuring a map the following general 
directions are suggested: 

Commence with the lighter slopes in the lightest line, in 
order that the intensity of the tint may be increased with 
more regularity. (Fig. 141.) When the projections of the 
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Fic. 141.—HACHURE CONSTRUCTION. 


a= 


horizontal sections or contours are parallel the hachures are 
at right lines normal to both curves, but when they are not 
parallel the hachures radiate, their extremities being respec- 
tively xormal to the curves at which they terminate. Hachures 
are in sections or bands which should not be continuous with 
the adjoining ones, but should terminate in the spaces be- 
‘tween them, thus accentuating the contour lines without ink- 
ing them. When the slope suddenly becomes abrupt the 
tint must be deepened by increasing the width of the hachure 
near the extremities or by interpolating short lines between 
the original hachures, Hachures are made shorter and wider 
for steep slopes, and are lenghtened and narrowed as the in- 
clination decreases. 
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The first principle upon which hachures are constructed is 
that the steeper the slope the less light is received in the in- 
verse ratio of its length. Various methods of expressing the 
degree of shade, or the ratio of black to white, have been 
adopted by various draftsmen. The Enthoffer or American 
method is to indicate the degree of slope by varying the dis- 
tance between the hachure lines, the distance between the 
centers of lines to be .o2 of an inch plus one-fourth of the 
denominator of the fraction denoting the declivity, expressed 
in hundredths of an inch. The lines are accordingly made 
heavier as the slope is steeper, and finer for gentle slopes, in- 
creasing in width until the blank spaces between them equal 
one-half the breadth of the lines. (Fig. 142.) The German 
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or Lehmann’s method consists in using nine widths of lines 
for slopes from zero to 45°, the first being white and the last 
black. For the intermediate slopes the proportion of white 
to black is as 45° minus the angle of slope is to the angle 
of slope. Steeper slopes than 45° are represented by short, 
heavy lines, parallel to the contour lines. 

195. Conventional Signs.—Various conventional signs 
are employed in topographic drafting to represent roads, 
houses, woods, marshes, the shapes of hills, etc. These 
signs may be divided into three general classes : 

I. Signs to represent culture or the works of man. 
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2. Signs to represent hydrography or water. 

3. Signs to represent hypsography or relief. 

In the making of a geographic map or of a topographic 
map for the use of a government or State, only such culture 
should be represented as is of a permanent or public nature. 
This includes all highways, bridges, railways, political bound- 
ary lines, and houses. (Figs. 144 and 145.) Though the 
latter are not of a public nature, yet they are comparatively 
permanent and are prominent topographic features. 

For purposes of legibility in deciphering a map it is 
desired to use various colors in representing different features, 
and the color scheme selected by the U. S. Geological Sur- 
vey, which is one of the best, employs (1) d/ack for all culture 
and lettering; (2) d/ue for hydrography; and (3) drown for 
surface relief. 

In the representation of hkydrography, or water forms, 
conventional signs must be adopted (Fig. 146) for streams, 
lakes, marshes, canals, glaciers, etc. 

For the representation of Aypsography, or surface relief, 
conventional signs must be adopted (Fig. 147) for the repre- 
sentation of slopes, by means of contours or hachures, with 
separate symbols to indicate depressions of the surface, also. 
sand-dunes, cliffs, etc. 

In addition to the above conventional signs used in depict- 
ing public culture and the more usual topographic forms, a 
great variety of signs are used to represent minor forms, as 
lighthouses, mines, quarries, churches, different kinds of 
houses, as barns, private residences, mills, also to represent 
different kinds of woods and cultivated fields. These are 
described and illustrated in various works on topographic 
drawing. The only one of these of importance which may 
be further characterized here are woods, and for these conven- 
tional signs may be adopted to indicate the wooded character 
of the country, or, better, a light green tint may be washed 
over the wooded portion of the map. 
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196. Lettering.—As with conventional signs, so with 
lettering. Various books are published describing the mode 
of constructing different kinds of letters. It is desirable 
here, therefore, only to give a general outline of the princi- 
ples on which topographic lettering should be executed. 
Letters used in describing different topographic forms may be 
divided into four corresponding classes, and there should be, 
therefore, as many different styles of letters. Those preferred 
by the author and shown in Fig. 148 consist of— 

I. Roman letters of various sizes for the names of civil 
and political divisions, as cities, States, etc. 

2. Italic and script letters of various sizes for the names 
of hydrographic features, as lakes, rivers, etc. 

3. Vertical block of various sizes to represent hypsographic 
features, as mountains, plateaus, valleys, etc. 

4. Slanting block to represent public work, as railroads, 
Tieils, etc. 

197. Drafting Instruments.—It is not deemed desirable 
to describe in detail the various instruments commonly used 
in topographic drawing. These can be found fully described 
in catalogues of instrument-makers and in works on mechanical 
and topographical drawing, lettering, etc. A few instruments, 
however, which are less common and which are peculiarly 
serviceable to the topegraphic draftsman will be briefly 
characterized. 

The pantograph is a parallel linked-motion apparatus for 
enlargement or reduction of maps. It is of occasional assist- 
ance in the reduction or enlargement of compiled map material, 
and is constructed on the theory of parallelograms. (Fig. 149.) 
The pantograph is, however, a comparatively inaccurate 
instrument because of the great play between the various 
parts. If accuracy is attempted, none but the most expensive 
and heavily constructed instruments should be used. There 
is an inconvenient variety of combinations in the adjustment 
and use of thisinstrument. The essentials are that the fixed, 
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the tracing, and the copying points shall lie in a straight line 
on at least three sides of the jointed parallelogram. 

Two very useful instruments to the topographer are 
proportional dividers and three-legged dividers, the first of 
which is-very serviceable in the reduction or enlargement of 
small portions of maps, and the second in transferring work 
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from one map to another. In this operation two of the legs. 
are set on fixed points common to both maps, as the inter- 
sections of projection lines, and the third is used as a pointer 
to transfer the position desired. This instrument is especially 
useful in the transferring and adjustment of lines from the 
traverse sheets (Fig. 2) to the sketch sheets on which they 
are to be adjusted to the triangulation positions (Fig. 3). 

For the construction of projections the topographer needs 
a first-class beam compass and an accurately graduated stee/ 
scale. The ordinary triangular boxwood scale is well gradu- 
ated and is useful in the projection of very small scale-maps; 
but for larger ones along steel scale, preferably divided to 
the scale of the map work, will give much more satisfactory 
results. 

The use of vernier protractors is fully described in Article 89, 
while plane-table paper and like accessories are discussed in 
Chapter VIII. 

198. Model and Relief Maps.—Relief maps are of two 
general kinds: 

1. The model, which is not a map in that it has three 
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dimensions, is bulky, and cannot be inserted in atlases or 
books; and 

2. The reproduction of the model by some photo-mechan- 
ical process which results in a print in map form of the model. 

Models have certain striking advantages over maps of all 
kinds, because they represent graphically the surface relief in 
a manner superior to that of hachure or shaded contour maps, 
besides which they represent quantitatively the relative relief 
in a more simple and legible manner than do contour maps. 

There are two general varieties of models: 

1. Those in which surface slopes are smoothed out in such 
manner as to practically represent the surface of the country 
as it appears in nature, and which, while possessing inertly 
relative relief, lack the element of absolutely quantitative relief 
possessed by contour maps; and 

2. Those in which the slopes are represented by steps, 
each of which is a contour interval apart on some scale; and 
while this does not imitate nature as exactly as the first form, 
it possesses an absolute quantitative element which makes it 

-superior for many purposes. 

Models are of especial value for educational purposes, in 
teaching those who are not familiar with maps something of 
geography which they would not appreciate by looking at the 
flat surface of a map. They are mature in mintature. In 
addition they have great economic value to the mining engi- 
neer and the geologist: to the former in obtaining a true 
appreciation of the differences in level and direction of the 
numerous shafts and tunnels which permeate the ground in 
the mining districts; to the latter because many important 
structural features and relations are presented to the eye at a 
glance, and because both the surface topography and its rela- 
tion to the underground topography are brought together in 
their proper relationship. For exhibition purposes they are 
unsurpassed in that they possess the quality, next best to that 
of moving objects, which catches the attention of the beholder 
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and attracts him to a further study of the subject represented 
in a way which no map can. 

Relief maps possess numerous advantages over hachure or 
contour maps chiefly because they give a more graphic idea 
of the. surface relief than can be had from-any artificial method 
of map construction. They are made by photographing a 


model which is set up in such manner as to get the proper. 


lighting, that which will bring out lights and shadows most 
effectively. For the successful reproduction of a relief map 
it is essential that the model should not be colored and its 
surface should be dull, not glossy; there should be a slight 
yellow tint in the material composing it, the effect of which 
is to produce a smoother, more subdued lighting and shading, 
and to do away with the glaring high lights coming from a 
white model. (Fig. 150.) Relief maps can be given certain 
quantitative values if they are reproduced from contour 
models (Fig. 151), and they may be given certain further 
values by simple lettering in black. 

The groundwork for the construction of a model is a good 
contour map, in addition to which the modeler should possess 
a fair knowledge of the topography of the country, obtained 
by personal inspection, and he should have at hand good 
hachured maps and photographs which will aid him in inter- 
preting the topographic forms. It is the personal expres- 
sion that is brought into a model, by the appreciation of 
the country obtained from a knowledge of it, which results 
in the difference between a good and a bad model of the 
same region as produced by two modelers from the same data. 
The treatment of the vertical or relief element required to 
represent the individuality of a given district is especially im- 
portant. 

199. Modeling the Map.—The amount of relief to be 
given a model, that is, the amount of exaggeration in vertical 
scale as compared with the horizontal, is a question of great 
importance. The tendency is always to exaggerate the ver- 
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tical element too much, the result of which is to produce a 
false effect by diminishing the proportionate width of valleys, 
thus making the country seem more rugged and mountainous 
than it is. Another effect is to make the area of the region 
represented appear small, all idea of the extent of the country 
being lost. Messrs. E. E. Howell and Cosmos Mindeleff, of 
Washington, D. C., two of the most expert model-map- 
makers, agree that it is almost impossible under most circum- 
stances to use too low relative relief. Mr. Mindeleff says that 
on a scale of six inches to a mile no exaggeration at all is 
necessary, the ratio of vertical to horizontal scale being as 
1 to 1. For smaller scales than this the vertical exaggeration 
may be 2 to I or 3 tol. He says further that ‘‘the absolute 
and not the relative amount of relief is the desideratum. 
For small-scale models I have found half an inch of absolute 
relief ample. In a very handsome model of the United 
States, made by Mr. Mindeleff, a proportion of Io to I was ° 
used, but it is believed from the appearance of the resulting 
model that 6 to 1 would have been even more satisfactory. 
Some of the most effective of recent models are made to 
natural scale, i.e., without any exaggeration of vertical scale. 
(Fig. 150.) 

For the making of model maps a number of methods have 
been employed, the majority of which are so crude or so in- 
ferior to the better methods as to call for scant recital here. 
One of tne first employed consists in drawing cross-section 
lines at regular intervals over a contoured map, and, if the 
topography is intricate, corresponding lines at right angles. 
These sections are transferred to thin strips of cardboard or 
similar material and cut down to the surface line, thus form- 
ing the cross-section. These are mounted on a suitable base- 
board and the cavities between them filled in with plaster or 
wax or other easily worked material. The topography is then 
carved down to the form of the country as indicated by the 
upper edges of the strips. This method is crude and laborious. 


” 
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Where xo contour map is obtainable as a base and the 
known elevations are few and scattered, one of the simplest 
methods of producing a model map is by driving pins into a 
base-board, each to a height corresponding to the elevation 
of the point it represents. The map is then built up in wax 
or moist clay by laying this on the base-board and bringing 
it up to the level of the summits of the pins, and then work- 
ing in the details of the map by practically sketching it in as 
a sculptor would, following a hachure or other map of the 
country as a guide. 

Another method, practically the converse of that last 
described, may be satisfactorily employed where the map 
material is scanty. A tracing of the map enlarged to the 
required size is mounted on a frame. Another but deeper 
frame, large enough to contain the mounted tracing, is made 
and laid upon a suitable base-board, upon which is mounted a 
copy of the map. Upon this base-board the model is then 
built up in clear wax, the low areas first. Horizontal control 
is obtained by pricking through the mounted tracing with a 
needle-point, and vertical control by measuring down with a 
straight-edge, sliding on the top of the deep frame. 

Model maps are sometimes made by carving or cutting 
down instead of modeling or buztlding up, a solid block of 
plaster being used, and this being carved down so as to 
produce a series of steps similar to those made by building 
up contours. 

The best and most modern method of making map models 
is that now more generally employed by the professional 
model-makers. This consists of building up the model and 
modeling instead of carving the detail. The ratio of relief 
or vertical to horizontal scale having been determined, thin 
cardboard or wooden boards are procured of the exact thick- 
ness of the contour interval which the modeler proposes 
using. He then takes a contour map, enlarged or reduced, 
as the case may be, to the scale of his model and traces on 
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the boards the outlines of each separate contour. Then with 
a knife, scissors or scroll-saw, following the contour line on 
the board, he cuts out each contour and lays each of these 
outline contour boards one upon the other, thus building 
them up in steps, the height of each of which bears the 
proper relation, because of the thickness of the material, to 
the vertical scale. The result is a completed model in steps. 
The re-entrant angles of the steps are then filled in with 
modeling clay or wax or some similar substance, so as to 
produce 2 smooth outline. 

The best material for modeling is wax; but if much 
modeling material is to be used, clay may be kept sufficiently 
moist to be worked. Some modelers find clay mixed with 
glycerine instead of water works most satisfactorily, because 
it does not dry. The filling-in process is the most important 
in the making of a model map, for in this the modeler must 
show his knowledge of and feeling for topographic forms, 
in the interpretation of not only such hachured and other 
maps as he has to guide him, but of the country, if he has 
examined it as he should. 

200. Duplicating the Model by Casting.—The model 
resulting from the above operations is practically the base 
only of the completed model map. It is the common prac 
tice to make a replica by taking from the first a sould with 
plaster of Parts, and from this a plaster cast. The common 
mistake is made of making a solid cast by filling in a frame 
which has been built around a model, the result being so 
heavy and cumbersome as to be of little use. The best 
modelers say that it is wholly unnecessary to make a cast 
which is more than 4 or 1% inches in thickness of plaster. 
This is procured by incorporating in the plaster tow or bag- 
ging or netting of various kinds, the result being to make the 
cast light and strong, though the expense is slightly in- 
creased. Such casts can be readily and even roughly handled 
without breakage. 
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In making the final casting from the mould the process is 
repeated. The model for the making of the mould or the 
latter for the after-process of casting should not be varnished, 
as the finer details are thus lost. The mould should be pre- 
pared with a solution of soap, so that nothing is left on the 
surface but a thin coat of oil, which is taken up by the plaster 
of the cast. With care and skill a cast may be thus pro- 
duced which is but little inferior in point of sharpness to the 
original model. 

The plaster model being completed, only such little paint- 
ing of names and places as may be necessary to make it 
intelligible should be done before photographing for the pro- 
duction of the relief map, after which it may be colored as 
desired to represent any other subject and varnished. (Fig. 
150.) ‘ 

Other materials than plaster of Paris have been used for 
making models. Some modelers, after cutting the wooden 
contours and fitting these together with wooden pegs, carve 
away the steps left by the contours with graver’s tools. 
This is an exceedingly laborious and difficult process, and 
the resulting model lacks expression and looks as wooden as 
the material from which it is made. Many efforts have been 
made to use papier maché, but owing to the distortion and 
warping in this, because of the varying degrees of moisture 
in the atmosphere and the material itself, no success has as 
yet attended its use. 

The form of model used in depicting underground work- 
ings in a mine is by making a skeleton model of cardboard 
and glass. A rectangular box of glass is made of such size 
to scale as to include the cubic contents to be modeled. In 
this are glued or suspended by wires, etc., painted sheets of 
cardboard at such inclinations as to graphically represent the 
various tunnels, shafts, etc., or the ore-bearing strata, as 
desired. 

A very effective form of model is made by pasting 
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Modeled by Wm. Stranahan. 


FIG. 151.—RELIEF MAP FROM CONTOUR MODEL. 
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together paper contours. Fig. 151 shows such a model, made 
by taking the printed sheets of the U. S. Geological Survey 
20-foot contour map of the area depicted. One sheet had 
to be taken for each contour interval, and in all 30 to 50 
sheets were used. The modeler followed carefully with 
scissors each contour line, and then superimposed each sheet 
on the next lower. By having printed paper bearing a fixed 
relation in thickness to the contour interval an exact quanti- 
tative reproduction of each 20-foot contour in nature is 
obtained. 
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201. Geodesy.—Geodesy has been defined as a system of 
the most exact land measurements, extended in the form of a 
triangulation over a great area, controlled in its relation to 
the meridian by astronomic azimuths computed by formule 
expressed in the dimensions of the spheroid, and placed in 
its true position on the surface of the earth by astronomic 
latitudes and differences of longitude from an established 
meridian. 

Geodesy in its most general sense may be more briefly 
defined as the solution of problems which are conditioned by 
considerations of the figure and dimensions of the earth. 
Those particular problems which occur in plane and topo- 
craphic surveying are solved without regard to the form of 
the earth. (Art. 52:) 

Geodetic operations include, in the order given: 

1. The determination of the exact length, by measure- 
ments reduced to mean sea-level, of a line several miles in 
length, which is the base line of the triangulation ; 

2. The determination of the latitude and longitude of one 
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end of the base line and of the azimuth of the line by astro- 
nomic observations; 

3. The expansion of the base by triangulation executed 
with theodolite; and 

4. The computation of the triangulation, whereby the 
geodetic coordinates of each of the trigonometric points are 
determined. 

To these may be added: 

5. The measurement and- computation of geodetic co- 
ordinates of controlling points upon a route traverse, adjusted 
or reduced to one or more astronomic positions. 

One of the primary objects of geodetic operations is to fur- 
nish data for the exact reference of a topographic map to its 
corresponding position upon the surface of the earth. 

This consists of the measurement of a base line (Art. 202), 
which is an arbitrary distance upon the surface of the earth, 
to which the remaining surveyed positions may be referred in 
standard units, as meters or miles. Also the determination 
of the astronomic position upon the earth’s surface (Part V1) 
of some initial point on this line, and its aszmuth, that it may 
be platted in correct relation upon the map. 

Geodetic operations are also executed for the purpose 
of checking astronomic positions determined by systems 
of primary triangulation or traverse extended from some 
point the geodetic coordinates of which have been already 
determined. 

Astronomic checks on the quality of geodetic triangulation 
by a.single determination of astronomic position are far less 
accurate than the positions obtained and computed by trigo- 
nometric operations. It is unnecessary, however, to intro- 
duce astronomic checks upon primary triangulation at fre- 
quent intervals, though these should be sufficiently numerous 
to eliminate station error. The positions determined by 
primary triangulation (Chap. XXV) are not likely to be in 
error by amounts larger than those introduced by astronomic 


BASE MEASUREMENT. 497 


observation after the triangulation has been extended a dis- 
tance of 150 to 250 miles. Therefore a system of primary 
triangulation should be checked by astronomic observation 
at intervals not greater than this. 

Primary traverse is far more liable to errors than is 
primary triangulation, because of the greater number of 
courses sighted and the consequent opportunity for the 
accumulation of error both in angular and in distance meas- 
urement. Primary traverse (Chap. XXIII) must therefore 
be more frequently checked by astronomic determination, 
and such checks should not exceed 100 miles apart. 

Whereas primary triangulation and primary traverse may 
be executed with various degrees of accuracy, according to 
the distance to which a system of such control is to be propa- 
gated and according to its objects, astronomic determina- 
tions should be of the highest order of accuracy. Only the 
most refined instruments and methods known to science for 
use in the field and in permanent observatory work give 
results of sufficiently high quality to fulfill their purposes. 

202. Base Measurement.—The selection of a site for a 
base line is the first step towards the making of a trigono- 
metric survey, and on its proper selection depends much of 
the quality of the subsequent work of triangulation. 

1. The site should be reasonably level; 

2. It should afford room for a base from 4 to 8 miles in 
length; 

3. Its ends must be intervisible and so situated as to per- 
mit of the expansion of a system of primary triangulation 
which will form the best-conditioned figures. 

The degree of accuracy with which the base measurement 
is to be made depends upon the uses to which the resulting 
triangulation is to be put. 

1. If intended for geodetic purposes, the measurement 
must be made with the greatest attainable precision. 

2. If intended only as a base for the expansion of triangu- 
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lation over a comparatively limited area and for the making 
ofa topographic map, this measurement should be made only 
with such care as will attain an accuracy such that its errors 
will not affect the map, although multiplied in the resulting 
triangulation as many times as there are stations. 

3. If intended only as a base for a large-scale topographic 
map of but a few square miles, it will be unnecessary to deter- 
mine its geodetic coordinates, as the resulting map may de- 
pend upon a plane survey. 

The early method of measuring base lines consisted in the 
employment of wooden rods, varnished and tipped with metal, 
which were. supported upon trestles and between the ends of 
which contacts were made with great care. The advantage 
of wooden rods consisted in the fact that their length is but 
slightly affected by temperature, and as they were thoroughly 
varnished they were only slightly affected by moisture. Later 
a more accurate method of base measuring was adopted, con- 
sisting in the employment of various forms of compensated rads, 
as the Contact-Slide Apparatus (Art. 210) of the U. S. Coast 
Survey and the Repsold primary base bars of the U. S. Lake 
Survey (Art. 212). More recently the use of stee/ tapes (Art. 
204) has become popular, as the accuracy attainable with these 
has become better appreciated. The latest approved base bar 
apparatus is the Ezmbeck duplex-dars of the U. S. Coast Survey. 
Finally the zced bar (Art. 211) is the highest development 
of base-measuring apparatus adopted by the same Survey. 

203. Accuracy of Base Measurement.—The chief sources 
of error in base measurement, by whatsoever means made, are 
due to— 

1. Changes of temperature ; 

2. Difficulties of making contact; and 

3. Variations of the bars or tape from the standards. 

The refinements of measurement consist especially in— 

a. Standardizing the measuring apparatus or its compari- 
son with a standard of length. 
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6. Determination of temperature or its neutralization by 
the use of compensating bars; and 

c. Means adopted for reducing the number of contacts to 
the fewest possible, and of making these with the greatest 
degree of precision. 

The inherent difficulties of measurement wth bars of any 
kind are: 

1. Necessity of measuring short bases because of the 
number of times which the bars must be moved. 

2. Their use is expensive, requiring a considerable number 
of men; and 

3. The measurement proceeds slowly, often occupying 
from a month to six weeks. 

The advantages of measurements made by a séeel tape are: 

1. Great reduction in the number of contacts, as the tapes 
are about three hundred feet long as compared with bars of 
about twelve feet ; 

2. Comparatively small cost because of the few persons 
required ; 

3. Shortness of the time employed, an hour to a mile 
being an ordinary record in actual measurement; and 

4. Errors in trigonometric expansion may be reduced by 
increasing the length of the base from 5 miles, the average 
length of a bar-measured base, to 8 miles, not an uncommon 
length for tape-measured bases. 

Prof. T. C. Mendenhall, in reviewing the qualities of the 
various base apparatus, stated that ‘‘ The use of an zced bar 
applied to the measurement of considerable distances is un- 
questionably the method of highest precision, and its cost is not 
believed to be greater than that of other primary methods in 
use in Europe, but it will not be found necessary to resort to 
it in ordinary practice except for purposes of standardization.” 
He then goes on to state that ‘‘the metallic tape is capable 
of giving a result of great accuracy in the hands of experts, 


500 FIELD-WORK OF BASE MEASUREMENT. 


and that this is evidently the best device for rapid base 
"measurement when no great precision is aimed at.” 

It seems that the steel tape is capable of giving a preci- 
sion indicated by a probable error of xyyhguy Part of a meas- 
ured line, while ;;54999 appears to be easily and cheaply 
attainable with long tapes after they are standardized. This 
is amply sufficient for the present purposes of geodesy, and 
the sole obstacle in the way of much higher precision, should 
it be deemed essential, appears to be only the difficulty of 
measuring the temperature of the tape. | 

Bases are not measured solely for the accuracy attainable 
within themselves, but to attain the greatest accuracy which, 
when expanded through a scheme of triangulation, will not 
introduce into it errors of appreciable amount. Therefore it 
is scarcely economic to strive at an accuracy which will be 
greatly in excess of that attainable in the succeeding triangu- 
lation (Art. 240). Precision of measurement represented by 
probable errors of ony tO = is sufficient for all prac- 
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in the solution of geodetic problems. 

204. Base Measurement with Steel Tapes. — Steel 
tapes offer a means of measuring base lines which is superior 
to that obtained by measuring bars because (Art. 203) it com- 
bines the advantages of great length and simplicity of 
manipulation, with the precision of the shorter laboratory 
standards, providing only that means be perfected for elim- 
inating the errors of temperature and of sag inthe tape. Base 
lines can be so conveniently and rapidly measured with long 
steel tapes as to permit of their being made of greater length 
than has been the practice with lines measured by bars, and 
as a result still greater errors may be introduced in tape-meas- 
ured bases and yet not affect the ultimate expansion any more 
than will the errors in the latter, because of the greater length 
of the base. Primary base lines have been measured by 
means of long steel tapes within recent years by the U. S. 
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Geological Survey and the U. S. Coast and Geodetic Survey, 
as wellas by the Missouri and the Mississippi River Com- 
missions, and in each case with satisfactory results. 

As showing the guality of this work, some measures made 
by Prof. R. S. Woodward of the St. Albans base, previously 
measured with base bars by the U.S. Coast and Geodetic 
Survey, showed a range of several measurements of the whole 
base of 24.1 millimeters or zedoay ef the whole, the greatest 
divergence from the adopted mean being 13 millimeters or 
sasvou0 Lhe probable error of one measure of a kilometer 
made at this time was + 1.88 mm. It is believed that 
the probable error of a single tape length did not exceed 
+ 0.05mm., while the probable error of the measurement of 
the whole base was ,,J,57- 

205. Steel Tapes.—The tapes used for this work are of 
steel, either 300 feet or 100 meters in length. The meter 
tapes used by the Coast Survey are 101.01 meters in length, 
6.34 millimeters by 0.47 millimeters in cross-section, and weigh 
22.3 grams per meter of length. They are subdivided into 
20-meter spaces by graduations ruled on the surface of the tape, 
and their ends terminate in loops obtained either by turning 
back and annealing the tape on itself or by fastening them 
into brass handles. When not in use the tapes are rolled on 
reels for easy transportation. 

The steel tapes used by the Geological Survey are similar 
to those used by the Coast Survey, excepting in their length, 
which is a little over 300 feet. They are graduated for 300 
feet and are subdivided every 10 feet, the last 5 of which at 
either end is subdivided to feet and tenths. The various in- 
strument-makers now carry such tapes in stock, wound on 
hand-reels. All tapes must be standardized before and after 
use by comparison with laboratory standards, and, if possible, 
thereafter frequently in the field by means of an iced-bar ap- 
paratus. (Art. 211.) 

206. Tape-stretchers.—In measuring with steel tapes a 
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uniform tension must be given. In order to get a uniform 
tension of 20 to 25 pounds some form of stretcher should be 
used.. That used by the U.S. Coast Survey consists of a 


Fic. 152.—Coast SuRVEY TAPE-STRETCHER. 


base of brass or wood, 2 or 3 feet in length by a foot in 
width, upon which is an upright metallic standard, and to this 
is attached by a universal joint an ordinary spring-balance, to 
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which the handle of the tape is fastened. (Fig. 152.) The 
upright standard is hinged at its junction with the base, so 
that when the tape is being stretched the tapeman can put 
the proper tension on it by taking hold of the upper end of 
the upright standard and using it as a lever, and by pulling it 
back toward himself he is enabled to use a delicate leverage 
on the balance and attain the proper pull. 

The thermometers used are ordinary glass thermometers, 
around the bubbles of which should be coiled thin annealed 
steel wire, so that by passing that in the air adjacent to the 
tape a temperature corresponding to that of the tape can be 
obtained. Experience with such thermometers shows that 
they closely follow the temperature of the steel tape. For the 
best results two thermometers should be used, each at about 
one-fourth of the distance from the extremities of the tape. 

The stretching device used by the U. S. Geological Sur- 
vey is much simpler and more quickly manipulated than that 
of the Coast Survey. It is also more simple than, and, it is 
believed, equally as satisfactory as, that employed by the 
Mississippi River Commission, in which a series of weights 
are employed to give a proper uniform tension. The chief 
object to be attained in tension.is steadiness and uniformity 
of tension; the simplest device which will attain this end is 
naturally the best. Two general forms of such devices are 
employed by the U. S. Geological Survey, one for measure- 
ment of base lines along railways, where the surface of the 
ties or the’ roadbed furnishes support for the tape, and the 
device must therefore be of such kind as to permit of the 
ends being brought close to the surface; the other is em- 
ployed in measure made over rough ground, where the tape 
may frequently be raised to considerable heights above the 
surface and be supported on pegs. 

The stretcher used by the Geological Survey for measur- 
ing on railways is illustrated in Fig. 153, and was devised 
by Mr. H. L. Baldwin. It consists of an ordinary spring- 
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balance attached to the forward end of the tape, where a 
tension of twenty pounds is applied, the rear end of the tape 
being caught over a hook which is held steadily by a long 
screw with a wing-nut, by which the zero of the tape may be 
exactly adjusted over the mark scratched on the zinc plate. 
The spring-balance is held by a wire running over a wheel, 
which latter is worked by a lever and held by ratchets in any 
desired position, so that by turning the wheel a uniform 
strain is placed on the spring-balance, which is held at the 
desired tension by the ratchets. 

The tape-stretcher used by the U. S. Gesleaical Survey 
off railways consists of a board about 5 feet Jong, to the for- 
ward end of which is attached by a } 
strong hinge a wooden lever about 5 
feet in length, through the larger por- 
tion of the length of which is a slot 
(Fig. 154). Through the slot is a bolt 
with wing-nut, which can be raised or 


lowered to an elevation corresponding 


with the top of the hub over which Fie. 154.—SimpLe Tape- 
STRETCHER. 


measurement is being made, and hung 
from the bolt is the spring-balance, to which the forward 
tapeman gives the proper tension by a direct pull on the 
lever, the weight of the lever and the friction in the hinge 
being such as to make it possible to bring about a uniform 
tension and to hold that tension without difficulty. The 
zero on the rear end of the tape is adjusted over the contact 
mark on the zinc by means of a similar lever with hook-bolt 
and wing-nut, but without the use of spring-balance. 

207. Laying out the Base.—The most laborious opera- 
tion in base measurement ts its preliminary preparation or the 
‘‘laying out” of the base, as it is called, which consists of— 

1. Aligning it with a theodolite ;. 

2. Careful preliminary measurement for the placing of 
stakes on rough ground; and 
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3. Placing of zinc marking-strips on the stakes and, in 
the case of railway measurement, on the ties. 

Where a base is measured on a railway tangent, no align- 
ment is needed beyond a provision for keeping the tape at a 
uniform distance from one rail. In measuring along ratl- 
ways, a number of boards 5 feet in length, and equal to the 
number of tape-lengths to be laid down, are provided, and 
nailed across the ties at the proper distances. Numbered 
strips of zinc, 6 to 18 inches in length and an inch in width, 
are tacked to blocks of wood nailed on the boards. The 
latter form the support for the tension device, and the con- 
tacts are scratched upon the strips of zinc. The thermometers 
by which the temperature is observed are wound with fine 
wire, and at least two are used by which careful readings are 
made for each tape-length. The base is invariably measured 
at least twice, and the two results are compared by sections 
of at least four tape-lengths. The measurements are prefer- 
ably made at night or on very dull and cloudy days, and after 
the line has been once prepared a base of about 5 miles in 
length can be measured in as many hours. 

Base lines measured with steel tapes across country are 
aligned by theodolite, and are /azd out by driving large hubs 
of 3 X 6 scantling into the ground, the tops of the same pro- 
jecting to such a height as will permit a tape-length to swing 
free of obstructions. These large hubs are placed by careful 
preliminary measurement at exact tape-lengths apart, and be- 
tween them, as supports, long stakes are driven at least every 
50 feet. Into the sides of these near their tops are driven, 
horizontally, long nails, which are placed at the same level by 
eye, by sighting from one terminal hub to the next. On 
these nails the tape rests, and on the surface of the terminal 
hubs are tacked strips of zinc on which to make the contact- 
marks. <A careful “ne. of spirit-levels must be run over the 
base line, and whether measured on a railroad or on rough 
ground the elevation of the hub or contact-mark of each tape- 
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length must be determined in order to furnish the data for 
reduction, both for slope and to sea-level. 

208. Measuring the Base.—A party for the measure- 
ment of a base line along a railway consists of four men: the 
chief of party, who marks the front extremity of the tape and 
has general supervision of the work; a rear chairman, who 
adjusts the rear end of the tape to the contact-marks, and 
reads one thermometer; the head chainman, who adjusts the 
forward end of the tape, applies the requisite tension, and 
reads a second thermometer; anda recorder. In measuring 
over rough ground off railways s¢x men are necessary, namely, 
two tape-stretchers, two markers, two observers of thermom- 
eters, one of whom will record. The cooperation of these 
men is obtained by a code of stguals, the first of which calls for 
the application of the tension, then the two tape-stretchers 
by signal announce when the proper tension has been applied ; 
then the rear observer adjusts the rear graduation over the 
determining mark on the zinc plate and gives a signal, upon 
hearing which the thermometer-recorder near the middle of 
the tape lifts it a little and lets it fall on its supports, thus 
straightening the tape. Immediately thereafter the front 
observer marks the position of the tape graduation on the zinc 
plate, and at the same time the thermometers are read and 
recorded. By this method a speed can be obtained as great 
as six to eight miles per day. 

209. Compensated Base Bars.—Compensated base ap- 
paratus consists of two bars of different metals which have 
different rates of expansion, laid close together, parallel and 
firmly fastened together at the center, from or to which point 
they are free to expand or contract. Ata fixed temperature 
they are taken of the same length, so that if they experience 
an equal change in temperature the lines drawn parallel to 
their extremities will remain always at the same constant 
distance apart. The fwo bars, one of iron and one’of brass, 
are each 10 feet long, $ inch in thickness, and 1} inches 
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in width, and are placed 1.1 inches apart, connected at the 
centers by two transverse steel cylinders not quite in contact. 
At each extremity of the bars is a metal tongue so connected 
by pivots to the bars as to admit of free expansion. These 
tongues are each 6 inches long, and on a silver pivot at one 
end is marked the compensation point. This compound bar 
is placed in a wooden box and is kept from moving lengthwise 
by means of a brass stay firmly fixed to the bottom of the 
box at the center. A long level is fixed to the upper surface 
of the brass bar and is read by means of a glass-covered open- 
ing inthe top of the box. The tongues carrying the compen- 
sation points project beyond the box, but are carefully pro- 
tected, and these points lie in the line of measurement. 

In measuring a base six sets of bars are used, and each 
when in use is supported at one-fourth and three-fourths of its 
length by means of strong brass tripods having rollers on their 
upper surface and provided with a tangent screw for commu- 
nicating a longitudinal motion to the bar, and other screws 
for communicating a transverse motion, and an elevating- 
screw for final adjustment of the level. These tripods rest 
on trestles which are at various heights according to the nature 
of the ground. The interval between two adjacent compen- 
sating points lying in a line is brought to exactly 6 inches by 
means of a compensation microscope. 

210. Contact-slide Base Apparatus.—The contact- 
slide base-measuring apparatus, made by Saegmuller & Co., 
consists of two measuring-bars, each 4 meters in length and 
supported on trestles. (Fig. 155.) The measurement ts made 
by bringing these bars successively in contact, which is effected 
by means of a screw motion and defined by the coincidence 
of lines on the rod and contact-slide. Each bar consists of 
two pieces of wood about 8 x 14 cm. square and a little less 
than 4 meters long, firmly screwed together.’ Between the 
pieces of-wood is a brass frame carrying three rollers, on the 
central one of which rests a steel rod about 8 mm. in diam- 
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Fic, 155.—CONTACT-SLIDE BASE APPARATUS. 
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eter. On each side there is a zinc tube 9 mm. diameter. 
The rod and tubes are supported throughout their length on 
similar systems of rollers, The zinc tubes form with the steel 
rod a metallic differential thermometer, and are so arranged 
that one tube is secured to one end of the rod, being free to 
expand in the other direction, the other tube being in a like 
manner fastened to the other end of the rod. The zznc tudes, 
therefore, with any change of temperature, expand or contract 
in opposing directions, and the amount by which the expan- 
sion of the zinc exceeds that of the steel is measured by a 
fine scale attached to the rod, while the zinc tube carries a 
corresponding vernier. The cut shows this arrangement, 
which is identical on both ends of the bars; a perforation in 
the wood of the bar allows this scale to be read. In addition 
to these metallic thermometers a mercurial thermometer is at- 
tached to the bar about midway of its length. 

The rods and tubes thus forming a united whole are mova- 
ble lengthwise on the rollers by means of a milled nut working 
in threads cut on the steel rod, which passes through a circu- 
lar opening in the brass plate screwed to the wooden bar, and 
against which the nut presses. Two strong spiral springs 
pull the rods back, and the nut is always pressed against the 
plate. One end of the rod is defined by a plain agate securely 
fastened to it; the other end carries the contact-slide, having 
an agate with a horizontal knife-edge. This slide is a short 
tube, fitting over the end of the rod and pushed outward by 
a spiral spring. A slot in the tube shows an index-plate, 
with a ruled line fastened to the rod. 

To align the bars properly a small telescope is placed on 
each bar, and can be adjusted to bring the line of collimation 
over the axis of the rod. The trestle, shown in the upper 
left-hand corner of the illustration, consists of a strong tripod 
stand, carrying a frame with two upright guides for two cross- 
slides, which are separated by a movable wedge. These 
cross-slides can be clamped in any position. By moving the 
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wedge, the bar resting between the uprights is either elevated 
or depressed. To obtain smooth movements, friction rollers 
are provided. To move the bars sideways, a coarse screw 
takes hold of a projection on the lower side of the bar, by 
turning which the bar can be moved laterally. 

There are three pairs of trestles, alike in construction, with 
the exception that the upper slide of the trestle intended for 
the forward end of the bar carries a roller on which the bar 
rests, while the other has a fixed semi-cylindrical surface for 
the support of the bar. In making the measurement, the 
bars being 4 meters in length, the stands are set up at a 
distance of 2 meters, each bar being supported at one- 
fourth its length from the ends, as indicated by painted black 
bands. Each bar has a sector with level alidade attached to 
one side, by which its inclination can be read off to single 
minutes. 

The U. S. Coast and Geodetic Survey has recently used 
with much success a new form of bimetallic contact-slide or 
duplex apparatus designed by Mr. Wm. Eimbeck. This con- 
sists of two disconnected bars of brass and steel, of precisely 
similar construction, each 5 meters in length. These are 
reversible and are contained in double metallic truss tubes the 
inner of which is reversible on its axis. They are so arranged 
as to indicate the accumulated difference of length of the 
measures of the brass and steel components. 

211. Iced-bar Apparatus.—This apparatus, which is of 
recent invention and is capable of work of the highest pre- 
cision, was designed by Prof. R. S. Woodward. It belongs 

to that type in which a single rigid bar is used as the ele- 
ment of length along with micrometer microscopes to mark 
its successive positions. Fig. 157 shows the iced bar in 
cross-section. The measuring-bar is carried in a V-shaped 
trough, where it is kept surrounded with melting ice. The 
trough is mounted on two cars which move on tracks, and 
the microscopes are mounted on wooden posts which are 
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ranged out and set firmly in the ground beforehand, the 
microscopes being clamped or detached from the posts easily 
in moving forward as the measuring of the line progresses, 
and the Y trough being likewise rolled forward on cars over 
a temporary track. The apparatus is 5 meters long, the 
microscope posts being set 5 meters. apart, and the supports 
for the car-track a like distance. In field-work the micro- 
scopes are shielded by umbrellas instead of by temporary 
sheds, as in the illustration. 

The measuring-bar is a rectangular bar of tire-steel 5.02 
meters long, 8 mm. thick, and 32 mm. deep. The upper 


half of the bar is cut away for ee 
CROSS SECTION, 


about 2 cm. at either end to re- ,. 


ceive the graduated plates of plat- 
inum-iridium, which are inserted 
so that their upper surface lies in 
the neutral surfaces of the bar. 
Three lines are ruled on each of 
these plugs, two in the direction 
of and one transverse to the length 
Sacie, bars Lhe..Y \trough sup-, ,¥ Rouse 
ports the bar, keeps it aligned, 

and carries the ice essential to the 

control of the temperature of the 

bare Its made of twa steel 

plates 5:14 m., long, 25.5 em. e_ ler 4 
wide, and 3 mm. thick. They Fic. 157.—Cross-sEcrIon OF 
are bent to a Y shape, angle of ee ee 

60 degrees, and riveted together at the stem. The bar is 
supported at every half-meter of its length by saddles, as 
shown in the illustrations, and these are rigidly attached to 
the sides of the trough by screws, each saddle carrying two 
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lateral and one vertical adjusting- screw. 
When the apparatus is in use the Y trough is completely 
filled with pulverized ice, the upper surface of which is 
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rounded to about the height shown by the curve in the dia- 
gram, that is, to the top of the trough. The amount of ice 
required for this purpose is about 8 kg. per meter of the bar’s 
length. By reason of the sloping sides of the trough, the 
ice is kept in close contact with the bar, especially as the 
trundling of the car produces sufficient jarring to overcome 
any tendency of the ice to pack. An essential auxiliary to 
the apparatus is an zce-crusher and a plane for shaving fine ice 
to pack the ends of the bar. The micrometer microscopes 
which define the successive positions of the bar in measuring 
a line are similar to those used in the Repsold base-measuring 
appatatuser @irts-2 52.) 

212. Repsold Base Apparatus.—This is an unusual ap- 
paratus and has been used in this country in measuring 
primary base lines of the U. S. Lake Survey. The follow- 
ing description of it is copied from the final report of that 
organization: 

This consists of a measuring-bar of steel approximately 
4 meters long. (Fig. 158.) Its exact length at any tem- 
perature is known. By the side of the steel bar is a similar 
zinc bar. The two are fastened firmly together in the middle. 
Their unequal expansion is observed upon scales at both ends, 
making a metallic thermometer by which the temperature of 
the steel bar becomes known. These two bars are placed 
within a hollow iron cylinder, called the tudbe-cylinder, which 
supports them rigidly and protects them from sudden changes 
of temperature. The bars are supported in the cylinder by 
a’ system of rollers which keeps them straight, parallel, and 
at constant distance from each other. The combination of 
the two bars and the tube-cylinder is called a tube. The 
tube is provided with a sector which indicates the deviation 
of the tube from the horizontal, so that a base can be meas- 
ured upon slightly inclined as well as upon level surfaces. A 
telescope is also attached, which points in the same direction 
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as the tube and enables consecutive tube measurements to be 
kept in the same vertical plane. 

In measuring a base the rear end of the tube is placed at 
the beginning of the line and the position of the front end is 
marked. Then the tube is carried forward and the rear end 
is placed at the mark and the front end is marked again, and 
so on, in the same way that a line is measured with a chain 
and pins. In order that the tube may stand firmly it is sup- 
ported upon iron stands, one at each end. These stands 
have three legs, which rest upon iron pins driven in the 


v 
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ground. To place the tube exactly in the line and at a 
proper height, the tops of the tube-stands are provided with 
movements in three directions, by means of which the tube 
can be moved sidewise, lengthwise, and up and down. For 
convenience there are four tube-stands, so that two can be 
placed in position while the tube is resting on the other two. 

The positions of the ends of the tube are marked with 
microscopes. Thus while the tube does the work of a chain, 
the microscopes do that of the pins. The microscopes are 
mounted upon iron stands, which, like the tube-stands, are 
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supported upon iron pins driven into the ground, The 
microscope-stands are so constructed that the microscope can 
be placed directly over the end of the tube. The microscopes 
are provided with two motions, so that they can be moved a 
short distance along the line or at right angles to it. They 
also have levels attached, so that they can be made vertical. 
For convenience there are four microscopes, so that two can 
be placed in position while two are standing over the ends of 
the tube. 

To measure a tube-length, the rear end of the tube is placed 
under the microscope which marks the position of the front 


end of the preceding tube-length. The tube is then brought. 


into the line by means of its telescope. Its inclination is 
found by reading its sector, and the temperature of the steel 
bar is found by microscope readings on the scales at front 
and rear ends. From the temperature the length of the steel 
bar is found at the instant the measurement is made. From 
its inclination the horizontal projection of this length is 
found, and thus the actual advance becomes known. 

213. Base Lines: Cost, Speed, and Accuracy.—Base 
lines of the highest attainable accuracy of measurement, as 
those measured by the U. S. Coast and Geodetic Survey, 
cost from twenty-five hundred to thirteen thousand dollars, 
according to the methods employed and the precision aimed 
at. The speed of measurement by the U. S. Coast Survey, 
using base bars, is from two to six months, including prepa- 
ration and actual measurement. The probable error of the 
result attained is from zpg4q00 tO teats: 

Base lines as measured by the U. S. Geological Survey 
with sufficient accuracy for the expansion of primary triangu- 
lation which is to be developed to distances of 200 to 400 
miles, cost from one hundred to two hundred dollars per 


base. This work is executed with steel tapes and requires: 


from seven to ten days for preparation and méasurement of 
the base. The accuracy attained has an average probable 


CHAP LER. XXIT: 
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214. Reduction of Base Measurement.—A fter the meas- 
urement of the base line has been completed in the field, the 
results of the measurement have to be reduced for various 
corrections, among which are: 

1. Comparison with standard of measure; 

2. Corrections for inclination and sag of tape if such is 
used ; 

3. Correction for temperature ; 

4. Reduction to sea-level. 

As an example of the method of making such corrections 
and of keeping the records of base measurement, the follow- 
ing has been selected from the measurement of the Spearville 
base in Kansas by the U. S. Geological Survey. 

215. Reduction to Standard.—The first correction to be 
applied is that of reducing the tape-line or the base-bars toa 
standard. The data for this reduction is best obtained by a 
comparison with the international standards of the U. S. Coast 
and Geodetic Survey, that at their office in Washington, or the 
standard kilometer measured at the Holton base in Indiana. 
Or, if these are not accessible, comparisons may be made 
with standards in the possession of the U.S. Mississippi and 
Missouri River Commissions and of one or two of thé more 
reliable instrument-makers of the country. 

The reduction to standard may be positive if the tape is 
longer than the standard, or negative if shorter, and this reduc- 
tion is proportioned to the entire length of the line, and is 
generally made by multiplying the length of the tape or bar 
as obtained from comparison with the standard into the 
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number of times which the same is applied on various sections 
or the whole of the base. 

An example of this reduction is given in Art. 217, which 
contains a record of the measurement of the Spearville base. 

216. Correction for Temperature.—As the length of a 
steel tape or a metal bar varies with the temperature, one of 
the most uncertain elements in the measurement of a base by 
means of a steel tape is its length as compared with the stand- 
ard because of variations due to expansion and contraction 
from changes in temperature. As already shown, the most 
accurate mode of measurement obtainable is that in which the 
temperature is fixed, as in the case of the iced-bar apparatus 
(Art. 211). In any other form of base-measuring apparatus 
every effort must be made to obtain the greatest uniformity 
of temperature, and in using a tape corrections must be made 
for every tape-length, as derived from readings of one or 
more thermometers applied to the tape in the course of the 
measurement. 

Steel expands .0000063596 of its length for each degree 
Fahrenheit of temperature. This fraction, multiplied by the 
average number of degrees of temperature above or below 62 
degrees at the time of the measurement, gives the proportion 
by which the base is to be diminished or extended on account 
of temperature changes. This correction is applied usually 
by obtaining with great care the mean of all thermometric 
readings taken at uniform intervals of distance during the 
measurement. An example of the record of temperature and 
of reduction for temperature is given in the last two columns 
of the table in the following article. 

217. Record of Base Measurement.—The following is a 
sample page from the note-book containing record of meas- 
urement of the Spearville Base as made by Mr. H. L. Baldwin 
of the U. S. Geological Survey in 1889. This base was 
measured along a railroad and therefore has no correction for 
sag as the tape rested on the ties. It was measured in a 
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number of sections, and the following is that of two measure- 
ments of the first section. In the last column is shown the 
method of making corrections to the tape to reduce to stand- 
ard (Art. 215), and in the next to the last column the method 
of making temperature correction (Art. 216), 


RECORD OF BASE MEASUREMENT AND REDUCTION. 


(First measurement, section 1, October 16, 188g.) 
H. L. Batpwin, Topographer. 


“4 
| Thermom- |. 
No. of | Time,| Ten- terse Temperature Cor- : 
Tape a... | sion, |———— ention Total Length of Section. 
| A. B. 
h. m.|Pounds| ° o 
I IO 33} 19.75 | 50.5 | 50.0 
2 20 | 20.00 | 50.5 | 50.0 
3 26 20.00 | 50.5 | 50.0 
4 31 | 20.25 | 50.5 | 5c.0 |Mean temp. = s50°.51 
5 37.| 20.00 | 50.7 | 50.5 1 tape-length....... = 300.0617 
6 42 20.125] 51.5 | 50.6 | 62° — 50°.5r = 11°.49 ; 
7 47 | 20.25 | 51-0 | 50.8 To X 300/ .0617....-.. = 3,0c0’.617 
8 51 20.00 | 50.8 | 50.2 | — 11°.49 X 3000’. Temperature corr.. — .207 
9 55 20.125| 50.8 | 50.0 X .000006 
10 58} 20.00 | 50.7 | 50.5 = — '.207 Result first meas... = 3,c00 410 
(Second measurement, October 17, 1889.) 
a= = 
ia Thermom- 
i a ES Temperature Cor- : 
No. of | Time, Soap ee ee ae Peres Total Length of Section. 
Tape. P.M. sion. rection. 
A. B. 
. m. |Pounds 2 2 
I 12 13 | 20.00 | 52-3 | 52-4 
2 . 2.9 
Be es oP 3 ae Tape set back from sta. o 
4 29 19-75] 55-0 | 54-8 ;|Mean = 53°.96 .85 inch. = .o71 foot. 
5 20.00 5.0 | 53-2 oa 
é a 20.00 ce Rae 62° — 53°.96=8°.04|10 X 300/.0617...... = 3,000'.617 
7 38 20.00 | 54.0 | 54.0 Set DACK.is..6.0 . —ORy 
8 41 20.12 | 54.5 |) 54.0 | — 8°.04 X 3000'. Temperature corr.. — .145 
ae :  .000006 a 
= a a - eae ie ae 713 Result sec. meas.. = 3,000.401 
< | 
55 ee 


218. Correction for Inclination of Base.—The data for 
this correction are obtained by running a careful line of spirit- 
levels over the base line (Chap. XV). In the course of this 
leveling, elevations are obtained for every plug upon which 
the tape rests. The result of this leveling is to give a profile 
showing rise or fall in feet and fractions thereof between the 
points of change in inclination of the tape-line. From this 
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and measured distances between these points the angle of 
inclination is computed by the formula 
: h 
sin @ = 5, eer e 2 nme caste Ree LO} 
in which D = length of tape or measured base; 
h = difference in height of the two’ends of the tape 
or measured base, both in feet; and 
6 = angle of slope expressed in minutes. 
The correction in feet to the distance is that computed 


by the equation 


Cor. = D> 6. ta aa 


F Sint of 
Since, however, ——— = 0.00000004231, we have 
2 
Core 010000000423 10 Date. we =e AZ) 


As the logarithm of the constant is equal to 2.6264222, 
the above may be expressed in logarithms, thus: 


Cor. = log 2.6264222 +2 log 0+ log D. . (43) 


An example of the record and mode of making correc- 
tions for inclination is given in the following, taken from 
Spearville Base measurement : 


S. S. GannetT, Computer. 


Approxi-| Differ- log log 
mate enceof | Angle@| log @ 2 log @ sin? x’ | log dist.| correc- Correc- 
Distance.| Elevation 2 tion. Hen: 
feet. feet bed 
0.200 0.8 13) 34 1.1326 2.2652 2.6264 2.3010 7.1926 .OO15 
4,200 4.2 222 0.3674 0.7348 |) 4.6232 6.0844 +0010 
4.000 12.0 10 08 1.0052 2.0104 3-6021 8.2389 -0173 
I,000 1.0 3:23 0.5250 T.O0501 | 3.0000 6.6765 +0005 
2,000 3.9 5 04 0.7024 1.4049 3.3070 7 +3323 +002T 
4,020 22.0 12 23 T.0917 2.1834 | | 3.6232 8.4330 -0271 
2,800 7.2 8 27 0.9263 1.8527 3.4472 7.9263 .co84 
1,000 0.0 © 00 ©.0000 0.0000 b Con- 3.0000 © 0000 +0000 
1,000 1.0 3 23 0.5250 1.0500 | f stant. 3.0009 6.6764 +0005 
4.200 20.0 11 16 1.0504 2.1008 3-6232 8.3504 +0224 
3.800 6.0 5 20 0.7267 1.4535 | 1 3-5798 7-6507 -0046 
2,000 4.0 6 45 0.8293 1.6586 | 3.3010 7.5860 +0038 
5,400 3r.4 19 39 1.2934 2.5867 | | 3-7324 8.9455 0882 
2,c00 2.6 4 24 0.6437 1.2874 3.3010 7-2148 -0016 
0,135 0.05 118 0.1072 0.2144 |J 2.1303 4.9712 -0000 
+1790 
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An approximate formula for reducing distances measured 
‘on sloping ground to horizontal is expressed by the rule: 
Divide the square of the difference of level by twice the 
measured distance, subtract the quotient thus found from 
the measured distance, the remainder equals the distance 
required; or, 


d= D = — Oe a) oe eee ae (44) 


in which d= horizontal-or reduced length. This formula 
may be used in reducing the various inclined measures made 
over rough ground in primary traverse (Art. 227). 

Example: Let 50 = length in feet of distance measured 
on slope, 3 = difference in height in feet between two ends of 
measured line, then 


Se Oy 19 (50. X'2) = .00 (exact formula (41) gives .0go08). 
50 — .09 = 49.91 = @d = horizontal distance required. 


219. Correction for Sag.—When the base measurement is 
made with steel tape across country, and is, accordingly, not 
supported in every part of its length as on a railway, there will 
occur some change in its length due to sag. As explained in 
Art. 207, where measurement is made off a line of railroad, the 
tape should be rested on supports placed not less than 50 feet 
apart. With supports placed even this short distance apart, 
however, a change of length will occur between them, while 
even greater changes will occur should one or more supports 
be omitted, as in crossing a road, ravine, etc. As tapes are 
standardized by laying them on a flat standard, it is essential 
to determine the amount of shortening from the above causes. 
The following formulas apply: 

Let w = weight per unit length of tape; 

¢ = tension applied ; 


a= 


w 
is 
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mn = number of sections in which tape is divided by 
supports ; 

/ = length of any section; 

£=normal length of tape or right-line distance 
between z marks when under tension = z/, 
approximately ; 

ft = reciprocal of product of modulus of elasticity of 
tape by area of its cross-section. 

If a tape be divided by eguzdistant supports, the difference 
in distance between the end graduations, due to sag, or the 
correction for sag = aL, becomes 

Qi aL fl.) 

If one or more supports are omitted, then the omission of 

m consecutive supports shortens the tape by 

gym + 1)(m + 2)a°0?; 
where Z is the length of the section when no supports are 
omitted. 

Examples Let w= 0-07 = §0steet, "w= 0145 weronk 
in pounds per foot found by divtding whole weight of tape by 
whole length; and ¢ = 20 pounds;—then 


Peis ce ti 6X 50 estas S50 
24 20 


oie } = 0.0162 feet, 
which is the length of sag or shortening of each tape-length. 


This correction is always negative. 
If in a certain measure of a base there were 86 full tape- 
lengths, the total correction for sag would be 


Corsi 8OD<1.0162 =A ssQsnleek; 


which is quite an appreciable quantity. 

220. Reduction of Base to Sea-level.—The base is 
always measured on a circle parallel to the mean sea-surface 
and raised above it at an elevation the amount of which must 
be known, at least approximately. This circle with radii 
drawn therefrom to the center of the earth forms a triangle 


eaten ial cal 
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approximately similar to that formed by the radii of the earth 
with the sea-surface. The length of the base at sea-level is 
therefore derived with a sufficient approximation to correct- 
ness by the proportion 
Fee ye a, OF Cor. = ets Wega 78:9) 
in which » = the radius of the earth; 
H = the height o/ base line above mean sea-level ; 
D =the measured length of the base line; 
d = the correction to reduce this measured length to 
length at mean sea-level. 
An example of the form of such reduction is the follow- 
ing, taken from the Spearville Base: 


REDUCTION TO SEA-LEVEL. 


DH 
COEPECUIOM I fa epocnoee, Syria Re i? oy ren 
IO STI ETELCTS \Aw Sn Ree Ae 2 = 4.05956 
LOGUET OmStets) os Reed oie < are = 2.87599 
Ot eh, teks Bae dae ==74 0600 
lose, SFO metersis.c kes Bee Sey ts 
Jomsemeters-t0 feet, - = saci. =='0251500 


4-448 feet (always subtractive) ... .0.64814 


221. Summary of Measures of Sections.—Corrections 
for temperature and standard having been made to each of 
the sections of the measured base (Arts. 215 and 216), the 
mean of the several measures of each section must be obtained 
and the total length of the base will then be obtained by sum- 
mation of the reduced lengths of sections. The table on page 
524 is an example of the record of such summary of sections. 

222. Corrected Length of Base.—The foregoing correc- 
tions and summations having been made, the correct length of 
the base may now be obtained by applying the corrections 
for inclination and reduction to sea-level both of which are 
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SPEARVILLE BASE: SUMMARY BY SECTIONS. 
(Corrected for Temperature.) 


S. S. GAnneTT, Computer. 


Stations. M Z is ite wee Fi ee on d. 
feet. feet. feet, 

Ito I0 3,000.410 3,000. 401 + .009 
10 20 _.418 +393 + .025 
20 30 -431 .431 -++ .000 
30 40 .426 .446 —- .020 
40 50 -437 -478 = O41 
50 60 HDG) -455 — .038 
60 70 .369 -392 — .023 
70 80 .366 -356 + .010 
80 go -955 .938 + O17 
go 100 .676 .667 + .009 
100 110 3,000.899 3,000,895 = -001 
TLO me) 2.700.581 2,700.571 +=. 010 
ELO) ) 26 2,100.244 2,100 234 = .OL0 
37,806.629 37.806.660 —.035 


always negative (Arts. 218 and 220). This is done in the 
following manner: 


MEAN OF TWO MEASUREMENTS. 


Correction for temperature and standard...... 37,806.645 ft. 
Bs SINC LUM AON sams ooo. ere cee (ome cee 
e cP Teductioly tO seaevele.. se san oe AAA ss 
Final corrected length of measured hasé...... 37,802.018 ft. 


223. Transfer of Ends of Base to Triangulation Sig- 
nals.—In the foregoing article the corrected length of the 
base, 37,802.018 feet, would be the final length of the base 
as determined under ordinary circumstances—that is, when 
the ends of the base line are also the astronomic pier and tri- 
angulation station from which the expansion of the base is 
made. Occasionally, and especially where a base is measured 
on a railroad, it is impossible to erect the astronomic pier or 
the trianuglation stations (Art. 243) over the extremities of 
the base, and it then becomes necessary to transfer the meas- 
ured length of the base to the triangulation signals and pier, 
which are erected as near as possible to each end. 

In the case of the Spearville Base, the astronomic pier 
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was first erected at the northeast extremity of the base and a 
triangulation signal was erected near the railroad track at the 
point selected for the southwestern extremity of the base, 
and triangulation was started by reconnaissance and erection 
of signals prior to the measurement of the base line. Accord- 
ingly, after the base had been measured its length had to be 
transferred to the triangulation’ signals. The following is an 
example of the elements of this reduction. 

The end O (Fig. 159) was not selected at exactly right 


Fic. 159.—TRANSFER OF MEASURED BAsE (00’) TO MARKED Base (48). 


angles to the pier and station, but at a distance a little be- 
yond the extremity of the pier so that the angle between the 
base and the pier was less than 90°. These angles were 
carefully measured at the extremities of the base O and O’, 
also the distance from O to the pier at A, and the distance 
ato O. Solution of the right-angled triangle daO gave 
ZO = P = 27864 feet. At’the southwest extremity of the 
base marks were left at the 125th and 126th tape-lengths, and 
the angles read at these points between the measured base line 
and signal B, also the angles at the signal B to those marks, 
the distance between them also being noted as an exact tape- 
length. These data gave the elements necessary for the solu- 
tion of the right-angled triangles into which the main triangle 
was divided by the projection of # at right angles to the base 
line at the point 4, and the amount determined by which the 
measured base was to be reduced was 6-++ 126 = 168.235 feet. 

The following is the mode of applying this correction to 
the corrected measured base length to get the secondary base 
or the distance between the triangulation signals: 


Corrected length of measured base..... vette es Poon oe 37,802.018 ft. 
Reduction from southwestern base to triangulation signal... 168.235 ** 
Reduction from northeastern base to triangulation station.. 2.864 ‘* 


Corrected length of triangulation base.......++-+...+s0005- 37,630.919 ft. 
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224. Other Corrections to Base Measurements.—In 
addition to the simple corrections above given, which are 
always made to the measurement of base lines, it is some- 
times desirable to determine the modulus of elasticity of the 
metal in order to make corrections for the pull in stretching 
the tape. This correction is, however, often of doubtful 
application, because the exact amount of pull at any time 
may be carelessly noted. It is far better and quite as simple 
to eliminate such corrections by giving a uniform pull at all 
times, thus doing away with the correction for modulus of 
elasticity. Another correction is for metallic thermometers ; 
but as glass thermometers can be purchased without difficulty 
and almost anywhere, it seems unnecessary to make provision 
for such correction. 

225. To Reduce Broken Base to Straight Line.—Occa- 
sionally, because of some obstacle to the straight alignment 
of the base or in order that either extremity may terminate 
in the most desirable position for the expansion of triangula- 
tion, it becomes necessary to introduce one or more angles in 
a base measurement. This, however, should never be done 
unless absolutely unavoidable, and then such angles should 
never deviate greatly from 180°. The correction for sucha 
broken base may be expressed as follows: 

If the measured base be in two lengths, A and B and it 
being necessary to find the third side of the triangle which 
they form, the latter being the straight line Z; then, 6, being 
the difference between the angle and 180°, we have 


2 


L=A+tB— 0 CGC o C0042) \ ana fis. (AG) 


This formula cannot be employed, however, where 4 is greater 
than 5°, in which case the unknown side will have to be com- 
puted by the ordinary sine formula for the solution of tri- 
angles. (Chap. XXVII.) 


Gr ie eC OCLL 1: 
FIELD-WORK OF PRIMARY TRAVERSE. 


226. Traverse for Primary Control.—It is frequently 
inexpedient, because of the relative expense, to procure 
primary control for topographic mapping by means of tri- 
angulation. Sometimes, especially in heavily forested and 
level country, it is practically impossible to execute primary 
triangulation within any reasonable limits of time or cost. 
The means adopted for securing sufficient primary control 
under such conditions is by the running of traverse lines of 
a high degree of accuracy. 

Primary traverse does not differ from secondary traverse, 
such as is executed for the determination of topographic de- 
tails (Art. 87) in the general methods of its execution. It does 
differ therefrom materially in the quality of the instruments 
employed and the elaborateness of detail with which the field 
and office computations are conducted. It may, therefore, 
be likened rather to the measurement of a series of long and 
broken but connected base lines measured in a manner rather 
similar to that explained in Art. 208, but with less care. 

As primary traverse is executed for control of topo- 
graphic mapping, it furnishes the initial coordinates by which 
the topographic map is fixed in astronomic position. One or 
more points of the primary traverse must therefore have 
their geodetic coordinates determined by astronomic observa- 
tion (Part VI) or by connection with a system of primary 
triangulation (Chap. XXV). Primary traverse is materially 
inferior in quality as control to primary triangulation (Art. 
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201). In order that errors occuring in its execution may be 
reduced, it is desirable that the two extremities, and, if very - 
long, a middle point on the primary traverse line, be checked 
either by closing the traverse back on itself or on some other 
adjusted primary traverse. 

The best and in fact the only satisfactory means of dis- 
tributing by adjustment the errors inherent in the primary ~ 
traverse is to connect at least two of its more remote points 
with primary triangulation stations or astronomic positions. 
(Chap. XXV and Part VI.) 

227. Errors in Primary Traverse.—The errors inherent 
in primary traverse are of three general classes: 

1. Those due to measurement of deflection angles or azi- 
muth errors; 

2. Those due to linear measurement or errors of distance; 

3. Instrumental errors. 

Probably the most serious errors introduced in primary 
traverse are those due to the measurement of the deflection 
angles or the aztmuth errors. These are of several kinds and 
are affected— 

1. By the quality and graduation of the instrument; 

2. By the shortness of the sights; 

3. By the relative dimensions and plumbing of the flag; 

4. By the care exercised in centering the instrument over 
stations. 

The first is to be provided against only by use of such an 
instrument as is best suited to the work to be done and by 
keeping it in perfect adjustment. The second is the most 
important source of error and is not to be confused with the 
irregularity and sznwosity of the traverse run. This may be 
ever so winding, yet, if the sights are sufficiently long and the 
angles not great, the errors by such an irregularity will not be 
of serious moment. These errors are affected by the third and 
fourth factors, and in sinuous traverses of short sights the errors 
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in bisecting a large signal or any centering over a station be- 
come matters of considerable moment. 

Where such ordinary care is exercised as is indicated in 
Articles 228 and 229, and in the instructions Art. 231, the 
errors of measurement will be relatively small. Likewise, the 
errors of instrument should be small providing the ordinary 
precautions designated for care and adjustment of instruments 
are exercised. 

In the measurement of distance the most important source 
of error is: 

1. Failure to keep the tape horizontal ; 

2. Carelessness in plumbing down to center points where 
there is much inclination and short tape-lengths are used; 

3. Failure to apply a uniform tension; and 

4. Errors in count or record of number of tape-lengths. 

Where the traverse is over a good line of railroad having 
easy grades and long tangents the best results may be ex- 
pected. In such case it is unnecessary to keep the tape, 
horizontal by lifting it above the ground, it being sufficient to 
rest it upon the ties. The error of slope on a good railway 
grade is less than that of sag when the tape is held horizon- 
tally. Under such circumstances the chief source of error 
is likely to be in the measurement rather than in the azimuth. 
On the other hand, where the traverse is run over rough 
ground the inaccuracies introduced are greatest in amount. 
Then, as in running railroads having short tangents and con- 
sequently short sights, a considerable source of error is in the 
azimuths, and even a greater source of error arises from the 
necessity of taking short tape-lengths on sloping ground and 
plumbing down to center marks. It is evident, therefore, 
that not only is greater precision obtained in measuring over 
good lines of railway, but also the speed is materially in- 
creased and the cost reduced proportionately. 

228. Instruments used in Primary Traverse.—The in- 
strument used for measuring azzmuths should be a ¢ranszt of 
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high grade, having a six- to eight-inch circle and reading to 
20 or 30 seconds. Such an instrument should have a hollow 
telescope axis and be provided with a lamp and other attach- 
ments for night-work. As an important source of error in 
such work is in the azimuth, this should be checked nightly, if 
weather. permits, by observations on a circumpolar star (Art, 
312) at or. near elongation. When the line of traverse is 
crooked such observations should never be at intervals greater 
than ten to fifteen miles. When the route traversed has 
long tangents, distances between check azimuths may be 
increased. 

There are two methods of measuring the horizontal angles: 

1. By transiting the telescope and reading forward deflec- 
tion angles as with an engineer’s transit (Art. 87); 

2. By reading full circle or deflection angles from back- 
sight to foresight. 

The former is preferable when the instrument is kept in 
good adjustment, as it is more rapid and more accurate. The 
process consists in sighting on rear flag, transiting telescope, 
and revolving on upper circle until fore flag is bisected by the 
cross-hairs. The angle read is the deflection from the last 
sight prolonged to the new. sight (Fig. 67). Then the upper 
circle is again revolved through nearly 180° until the rear flag 
is again bisected.. Once more the telescope is transited and 
the fore flag bisected. The result is two.separate records and 
two measures of the angle, one a single measure, and the 
other double. Moreover, one pointing is with telescope 
direct, and the other with it reversed. 

The second method of measuring the horizontal reflections 
is-to point the telescope at the rear flag and read both ver- 
niers as before.. Then with lower motion clamped, the instru- 
ment is revolved horizontally on the upper plates without 
transiting, and pointed at the fore flag, and both verniers are 
again read. The difference between the two readings is the 
deflection or arc through which the telescope has been re- 
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volved. By repeating this operation at least two measures 
are made, one with telescope direct, and the other with it 
reversed and should be on different parts of the circle. (Art. 
252.) 

Distances in primary traversing should be measured with 
a three-hundred-foot stee/ cape of kind similar: to those em- 
ployed in measuring base lines (Art. 205). The tape should 
be tested by a standard and be corrected for average tem- 
perature somewhat as in measuring base lines (Art. 216). 
Every effort should be made to use only even tape-lengths. 
As the tapemen, however, approach the instrument point a 
tape-length must necessarily be broken, and care must be 
exercised in the precautions employed to measure the frac- 
tional tape. A good way of doing this is by having a three- 
hundred-foot tape divided by clear markings into hundred- 
foot lengths and then to use a standardized one-hundred-foot 
steel tape for measuring the fraction less than one hundred 
feet. 

229. Method of Running Primary Traverse.—The party 
organization for running a primary traverse should consist of 
five or six persons; namely, the chief as transitman, one re- 
corder, two tapemen, and one or two flagmen. The ¢ranszt- 
man directs the movements of the other members of the party 
and determines directions by reading angles on the transit 
instrument. Healso reads the compass-needle as a check on 
the azimuth computation. The recorder keeps a record of 
the angles called off by the transitman, works up the mean 
pointing as the work ‘advances, notes by observation of the 
angles recorded whether any gross error has been made in 
reading of the transit vernier, and calls the attention of the 
transitman to such errors if any exist. He or the chief of 
party also checks the measurement of distance by the tape- 
men by counting rail-lengths or by pacing, recording the same 
in the first or station column as shown in the example (Art. 
230), thus checking the liability of making gross errors. 
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About once an hour he also reads a thermometer held beside 
the tape at an instrument station. 

The ¢apemen measure the distance with the steel tape, 
which is stretched by atwenty-pound tension on the front end 
by the fore tapeman with a spring-balance. Temperature is 
also read and recorded by one of the tapemen, and both tape- 
men keep a record of the number of tape-lengths between 
stations. These distances are worked up daily into the notes 
kept by the recorder. The rear fagman gives backsight for 
the transitman, who aligns one of the tapemen as a fore flag- 
man. Ora fore flagman may be employed, when the speed 
will be increased somewhat. 

The initial and terminal points of the primary traverse 
must be well indicated by permanent marks, as should numer- 
ous intermediate points on the line of the traverses, especially 
at such places as may be used as tie points for other primary 
or secondary control (Art. 248). All road crossings, stream 
crossings, railway stations, and other permanent objects should 
be indicated in the note-books, that they may furnish check 
points for the control of the topographic or secondary traverse 
(Arts. 14 and 16), and connection with the leveling (Chap. 
DATE. , 
230. Record and Reduction of Primary Traverse.—The 
following is an example of record and reduction of a portion 
of a primary traverse run near Traskwood, Arkansas, by Mr. 
George T. Hawkins of the U.S. Geological Survey. In the 
first column are given the distances between stations in feet, 
checked by counting rail-lengths; in the following three 
columns are given the readings of the angles recorded by the 
separate verniers and their mean; in next to the last col- 
umn is recorded the deflection angle; and in the last column 
are given the computed and corrected azimuths. 

The azimuth recorded in this column in plain type is that 
carried forward by computation from the last station to the 
station occupied, being the algebraic addition to the former 
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of the deflection angle at the latter. Underneath, in itali- 
cized figures, is given the reduced or corrected azimuth which 
is to be used in the further computations. This is obtained 
by distributing the error found between the last and the next 
observed astronomic azimuth. (Chap. XX XIII.) 


Distance. Ver. A. Ver. B. Mean, Angle. Azimuth. 
44 30 17 
Sta. 107 96 09 00 | 2760900 | 96 09 00 0 00 00 
g6 09 00 | 2760900 | 9609 00 0 00 00 
{60 rails) 96 09 00 fo) 4430 17 
1800 feet g6 09 00 | 276 09 00 g6 09 00 44 80 10 
96 09 00 | 27609 00 | 96 09 00 0 00 00 
Sta. 108 96 09 00 | 2760900 | 96 09 Go 0 00 00 
96 09 00 fo) 44 30 17 
44 30 O4 
(100 rails) 
3000 feet 
Brought forward from Sta, 108 to Sta. 132. 34 43 15 
Sta. 132 76 2700 | 256 2630 | 76 26 45 
84.0500 | 26404 30 | 8404 45 7 38 00 
84 04 45 7 38 30 | 42 21 30 
‘(40 rails) QI 43 30 | 271 4300 | 914315 |+73815 | 42 18 45 
1200 feet 
Sta. 133 QI 43 30 | 271 4300 | 91 4315 
92 2000 | 272 19 30 | 92 19 45 © 36 30 
921945 | 03645 | 425807 
92 56 30 | 272 56 30 92 56 30 | + 0 36 37 42 56 16 


Station 133-130 feet is in Observed azimuth at Traskwood 
front of middle window in between stations 133 and 134. 
Traskwood Depot. 


231. Instructions for Primary Traverse.— The details 
in running primary traverse are best explained in the follow- 
ing instructions, which govern the execution of such work by 
the U. S. Geological Survey: 

1. The instruments to be used are a 20” or 30” transit; 
one 300-foot steel tape graduated to feet for five feet at either 
end; one spring-balance; one 100-foot steel tape; two ther- 
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mometers; four hand-recorders; two flagpoles; and one good 
watch. ; 

2. The party should consist of: One chief, as ‘transit- 
man; one recorder; two tapemen, either of whom may act 
as front or rear flagman; and one flagman. 

3. At each station the transitman should proceed as fol- 
lows: Set telescope on rear flag, read both verniers, transit 
telescope, set on front flag, and read both verniers. Shift the 
circle and remeasure the same angle with telescope reversed. 
If the two angles thus measured differ more than 60’, repeat 
the operation. 

4. Along a railroad the operation of measuring is to be 
conducted as follows: The front tapeman puts a 20-lb. ten- 
sion on the front end of the 300-foot tape with a spring-bal- 
ance. He makes a chalk-mark on the rail, or places a tack or 
nail on a tie, stake, or measuring-board, under the 300-foot 
mark for full tape-lengths, and under the fractional graduation 
at stations. The distance which he records is checked by the 
transitman and at least one other member of the party. The 
tack or nail is left, surrounded by conspicuous chalk-marks, 
and the same process is continued. 

5. The rails should be counted by two others of the party, 
who also check the number of tape-lengths at the first oppor- 
tunity. Each station should be marked by a small-headed 
tack or pricking-needle through a piece of white paper or 
cloth, its number being chalked on the rail near where it falls. 
The distance between stations should be limited to the visi- 
bility of the flagpoles. - Rails or center of track must not be 
used as alignment sights. 

6. Along highways or open country the tape should be 
kept level. On steep slopes a plumb-bob must be used, either 
to bring the tape vertically over an established point or to es- 
tablish a new one, as the case may be. Tape-lengths are 
marked on the measuring-board, tie, or stake with the prick- 
ing-needle. Where slopes are so steep as to render the level- 
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ing of the 300-foot tape impracticable a shorter tape must be 
used. 

7. The chief and two other members of the party must 
keep an independent count of tape-lengths. The temperature 
of the tape must be taken every hour in the day. Stations 
should be made at even tape-lengths whenever practicable. 

8. Observations for azimuth must be made at close of 
each day’s work when possible, and azimuth stations should 
not be more than ten miles apart, except on long tangents. 

g. An azimuth observation must consist of not less than 
three direct and three reverse measures on three parts of the 
circle between Polaris and an azimuth mark, to be made at 
any hour, but preferably near elongation, and the place, date, 
time, and watch error should be recorded. 

10. The watch should be compared with standard time 
often enough to determine its error within ten seconds. 

11. Where the line traversed is very crooked the instru- 
ment should be fitted for observation of solar azimuths, and 
these should be made at least twice in each day, weather per- 
mitting, in addition to Polaris observations. 

12. The record must contain a description of the starting- 
point of the line and the beginning and ending of each day’s 
work; also, location of each railroad station, mile-post, and 
switch passed, and wagon-road, stream, land or county line 
crossed, and connection with corners of the public-land sur- 
veys. 

13. Two permanent marks, either the copper bolts or the 
standard bronze tablets of the Survey, should be placed not 
less than 500 feet apart at the beginning and end of each line, 
also at prominent junction points from which other primary 
control lines may be started. A complete description and 
detailed sketch of these should be entered in the note-book. 

14. Permanent marks of some kind should be left at such 
points passed during cloudy or unfavorable weather as it may 
be necessary to return to for the observation of azimuths. 
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15. Meridian marks, consisting of two of the standard 
bronze tablets let into dressed stone or masonry posts and 
placed 500 feet or more apart, must be established at each 
county seat passed in the progress of the work. 

16. Observations for magnetic declination must be made 
at several points in the course of a season’s work, especially 
at county seats. 

17. A complete record must be kept by the transitman 
in book No. g—905, and a separate record of tape-lengths by 
the front tapeman. 

18. The transit notes should be entered and worked up in 


the following manner: 


Pointings: Back and 
Transited. i 
Station. Penne. ae Comp. az. Remarks, 
Ver. A. VerB: 
392 65° 48’ 00/’ | 245°48/00' | 65° 48/ 00/’| 0° 46’ a0!” II A.M. 72°, 
j 65 02 oo 245 02 00 65 02 oo 
100 rails. 65 02 00 © 46 00 76 road crossing. 
2,975 ft. | 64 16 00 | 244 16 00 64 16 00 
| o 46 00 
393 64 16 00 244 16 00 64 16 00 4 4T 30 12 M. 73°. 
; 68 57 30 | 248 57 30 | 68 57 30 
39 rails. 68 57 30 4 41 30 On road crossing. 
1,197 ft. | 73 39 09 | 253 39 00 | 73 39 00 
4 41 30 


232. Cost, Speed, and Accuracy of Primary Traverse. 
—Primary traverse executed by the U. S. Geological Survey 
costs from three to five dollars per linear mile, according to 
the topography of the country, and has averaged generally 
about $3.50 per linear mile. The speed made varies between 
two and ten miles per day, also depending upon the topog- 
raphy. With parties of from five to seven men the daily cost 
is from $15 to $25. 

The primary traverse lines of the above organization are 
from 50 to 300 miles in length, averaging 150 to 200 miles. 
The closure errors of such lines vary within a wide range, and 
there seems to be no accounting for their erratic character. 


oun gr nemneeel 


COST, SPEED, AND ACCURACY. 537 


They have been found to average from 10 to 200 feet per 
100 miles of traverse, and their probable error, therefore, 
varies between I: 3000 and I: 50,000. Where the topo- 
graphic control is to be platted on a scale of 1 mile to I inch, 
it will thus be seen that the error in a primary traverse of 100 
miles length may be a perceptible quantity if the error be in 
excess of one foot ina mile. Ordinarily in a distance of 100 
miles the error is so small that it can be practically eliminated 
by the adjustment to the points which control the extremities. 
(Art. 226.) 


COAL TERR LV.. 
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233. Computation of Primary Traverse—The compu- 
tation of the primary traverse involves: 

I. Correction of tape-lengths for temperature; 
Correction of tape-lengths for inclination ; 
Reduction of measured distance to sea-level; 
Determination of mean angle; 
Computation of deflection angle; 
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Correction to reduce to observed astronomic azimuths; 

7. Computation of latitudes and longitudes of controlling 
points on the traverse; and 

8. Correction from adjustment to check astronomic posi- 
tions. 

The correction of tape-lengths for temperature and inclina- 
tion are explained in Articles 216 and 219, as is the mode of 
reducing’ the distances. to sea-level in’ Article "220, 7 The 
derivation of the mean deflection angle is clearly indicated in 
the example given in Article 230, as is the method of com- 
puting and correcting the azimuth. 

Under ordinary circumstances the ‘temperature correction 
is a negligible quantity, as it is far less in amount than the 
other avoidable errors. So also is the correction for inclina- 
tion, providing the tape is held horizontal as it should be. 

The computed azimuths are corrected by the nightly 
azimuth observations, the new astronomic azimuth being 
538 
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adopted in place of that brought forward. In ¢ase of a small 
discrepancy between the two such correction should be uni- 
formly distributed between two consecutive azimuth stations 
(Art. 309). The above corrections having been made, latitudes 
and departures may now be computed (Arts. 90 and 235) for 
each station commencing at the initial point or that for which 
geodetic coordinates have been previously obtained. Such 
latitudes and departures are computed one from the other, 
dimensions being in feet, the sum of latitudes being converted 
into seconds to give differences in latitude, and the sum of 
departures into seconds to give seconds in longitude. 

234. Correction for Observed Check Azimuths.—The. 
method of correcting the computed azimuths by the observed 
check azimuths is illustrated in the example in Art. 230. 
Azimuth was observed at Traskwood between stations 133 
andel34, and. was found to bey42° $5’ 15”. . Therazimuth 
brought forward from the last azimuth station, 26 instrument 
stations distant, was 42° 58’ 07”. The difference between 
the observed and the computed azimuth at Traskwood was 
2 2. There were’ accordingly 172° to: be. distributed |‘ be- 
tween the 26 stations, or, giving the proper algebraic signs, 
the correction amounted to 06’’.5 per station. | 

The convergence of meridians subtracted from the apparent 
error in azimuth 2’ 52”, gives the actual error of the computed 
azimuth. Table XXX gives the convergence of meridians for 
every six miles. As the distance in longitude in the above ex- 
ample was three miles, the convergence for the mean latitude, 
34° 30’, amounts to 1’ 45”. This from the apparent error 
2’ 52”’ shows the actual azimuth error to be 1’ 07”. 

Convergence of meridians, which is the amount by which 
they approach from their greatest distance apart at the equator 
until they intersect at the pole, may be determined approxi- 
mately by the rule: ‘‘ A change of longitude of one degree 
changes the azimuths of the straight line by as many minutes 
as there are degrees from the latitude of the place.” 
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TABLED X AX 


CONVERGENCE OF MERIDIANS SIX MILES LONG AND SIX 
: MILES APART. 


(From U. S, Land Survey Manual.) 


= =| 
Diff of Li itude - 
Convergence. : St eca abgele Longitude. Difference 
Latitude. |—_<_$—_—_—_————_ Tort Mie! 
eae Angle, In Arc. In Time. Are of 1’’, ini as 
G Feet. ae U tb Seconds. Feet. 
30 Daa 3° 0 6 0.36 24.02 87.9 ) 
31 28.8 oie 6 4.02 24.27 87.1 
32 30.0 315 On 7.03 24.53 86.1 po'.87t 
33 31.2 3 23 6 12.00 24.80 85-1 
34 32.4 3 30 6 16.31 25.09 84.2 J 
35 33.6 3 38 6 20.95 25.40 83.2 ) 
36 34.8 3 46 6 25.60 25.71 82.2 
37 36.1 3.155 6 30.59 26.04 81.1 +o.’870 
38 37.5 4 4 6 35.81 26.39 80.1 
39 38.8 Ab es) OAT. 34 26.76 78.9 
40 40.2 Awe 6 47.13 27.14 77.8 ) 
41 41.6 4 31 6 53.22 27.55 76.7 | 
42 43.2 4 41 6 59.62 DO 755 + 0./869 
43 44.7 4 51 7 6.27 28.42 74.3 
44 46.3 Seer 713 44 28.90 73:1 
45 47.9 5 12 7 20.93 29.39 7A | 
46 49.6 5 23 7 28.81 29.92 70.6 | 
47 51.3 5 34 7 37.10 30.47 69-3 | $0.'869 
48 53.2 5 46 7 45-79 31.05 68.0 | 
49 55.1 5 59 7 55.12 31.67 66.7 
50 pn 6 12 8 4.90 Saa58 65.3 0.'868 


235. Computation of Latitudes and Longitudes.—The 
following is an example of the form employed in the United 
States Geological Survey in computing the differential lati- 
tudes and longitudes of the several traverse stations. This 
is almost identical with the method already described for 
computing latitudes and departures (Art. 90). 

While the form here used is apparently complicated, it is 
in reality very simple and condensed. Instead of the loga- 
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rithms of the distances being arranged as separate columns 
for addition to the sines and cosines of the azimuth, to obtain 
respectively the logarithms of distances in longitude and lati- 


tude, they are arranged here in one column. 


When the loga- 


rithm of cosine is to be added to the logarithm of distance 
the logarithm of the sine is covered by a lead-pencil or slip of 


a 
Station, oe renee Logarithms 
Hl = « 
107 to 108 1800 anes 5 27 Log of dist. 
4a- 30°10 / g.84568 | Sine of az. 
| g-85322 | Cosine of az. 
South 1284 ft. | 3.10849 | Log of dist. + log cos az. 
West 1262 ** 3.10095 Log of dist. + log sine az. 
108 to 109 3000 2.477 U2 Log of dist. 
44° 30° 04” 9.84567 Sine of az. 
9.85323 | Cosine of az. 
| 
South 2140 ft. | 3.83035 | Log of dist. + log cos az. 
West 2103“ | 3.32279 Log of dist. + log sine az. 
* * * * * * * * 
* * * * Oe: * * *¥ 
132 to 133 I200 3.07918 | Log of dist. 
Ale Lords © g.82813 | Sine of az. 
9.86893 Cosine of az. 
South 887 ft. | 2.94811 | Log of dist. + log cos az. 
West SOS ** 2.9078. Log of dist. + log sine az. 
130 2.11394 | Log of dist. 
133 + 130 ft. AOC SiS 9.83314 | Sine of az. 
9g- 86468 Cosine of az. 
South 95 ft. 1.97862 | Log of dist. + log cos az. 
West 89 “* 1.94708 | Log of dist. + log sine az. 
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paper, and the sum is placed in the fourth line, marked 
‘‘Logarithm Distance + Logarithm Cosine.” Likewise when 
the logarithms of sines and distances are added the logarithm 
of cosine is blocked out and the result put in the last line. 
The number corresponding to the logarithms in the last two 
lines, as obtained from a table of logarithms (Tables V and 
VI), is given on the left end of this line opposite the word 
‘«South” or ‘‘ West’ as the case may be,-and is in feet. In 
computing primary traverse a five- or seven-place table of loga- 
rithms should be used as in all other primary computations. 

236. Corrected Latitudes and Longitudes.—The lati- 
tudes and longitudes as computed in the last article are their 
respective amounts in feet, and may be used in this form in 
platting. That these may be reduced to their geodetic 
coordinates and finally corrected by adjustment to observed 
astronomic positions (Art. 309) the computation is continued 
as follows: 

All northings and southings and all eastings and westings 
are added together, and the differences of north and south and 
of east and west are obtained by algebraic summation. In 
the following example the line was run in one direction; and, 
accordingly, there is no sum of norths to be subtracted from a 
sum of souths, nor easts to be subtracted from wests. Thus: 


South. West, 
1284 1262 
2140 2103 
x x 
x x 
887 808 
95 89 


37,860 = Total South 20,644 = Total West 


The total south and west is changed to arc by adding the 
arithmetic complement of the logarithm of the value of one 
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second of arc in meters to the constant for reducing feet to 
meters. To this sum is finally added the logarithm of the total 
distance in feet of southing to get latitude. The number corre- 
sponding to the sum gives the correction or change of latitude 
in seconds. The same operation is performed to obtain the 
corrections in longitudes or departures, by adding to the total 
westing in feet the logarithmic constant of feet to meters, and 
the a. c. log. value of one second in meters. Thus: 


a.c. log. value 1’’ in meters.. 8.51125 log. total west (Long.) 20644....... 4.31479 
log. reduc. ft. to meters. . 9.48401 log, fs tOsmeterSimecteseenat anton 9.48401 
log. total south (Lat.) 37860.. 4.57818 po op. 4, Dable Xx XO Uae ee cece 8.50926 
Lat, cor. = 374"'.49 (No:)....< 2.57344 (log.) hop: Secanit 27x. cncioaiea sa. 0.08374 


Long. correction = 246’’.49 (No.).. 2.39180 (log.) 


The logarithmic value of one second is obtained for the 
example by finding in Table XXIV, opposite the approximate 
latitude 34° 30, the length in meters of one degree of arc, 
110,919. This divided by 3600” gives the value of one second, 
30.813. The logarithm of this is 1.48875, and its arithmetic 
complement is 8.51125. The logarithm of the constant for 
reducing feet to meters is derived from Table XLIII. 

The latitude and longitude of the last station, say Benton 
Depot, being known, those of the next station, as Traskwood 
Depot, are obtained by adding to or subtracting from the 
former according as it is north or south, i.e., plus or minus, 
the amount of change in minutes and seconds between the 
two. Thus: 


Latitude. Longitude. 
g4° 33% 117.92 Benton Depot (middle window).............. 92° -35' 18/7.63 

—6 14. 49 Correction for new position ...... ......-.4. +4 06. 49 
34° 26 57'’-43 Traskwood Depot (middle window).......... 2°25 30) | ab," .12 


If now this primary traverse has been run between an ob- 
served astronomic position at Little Rock and another astro- 
nomic position, say at Fort Smith, Arkansas, the latitudes 
and longitudes as brought through by the primary traverse 
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computation from Little Rock to Fort Smith will be in error 
by a certain number of seconds. This error may be dis- 
tributed by dividing its amount in seconds by the distance in 
miles, and the correction -per mile applied to the various. 
computed positions. Or, providing known portions of the 
traverse are for any reason more liable to be in error than. 
others, arbitrary weights may be applied in distributing the 
error. A rigid adjustment by the method of least squares 
is scarcely warranted by the quality of the work and the 
number of conditions, (Art. 264.) 


CHAPTER XX.V< 
FIELD-WORK OF PRIMARY TRIANGULATION. 


237. Primary Triangulation.—The purpose of primary 
triangulation is the determination of the relative position upon 
the face of the earth of various commanding points. This 
operation involves a knowledge of the astronomic position of 
some initial point, as an extremity of a base line or some 
other known point; and of the distance in standard measure 
between the initial and some other intervisible point, as the 
two extremities of a base line or the imaginary line joining 
two known triangulation positions. 

The operations of triangulation involve the measurement 
of the angle at the initial point, between two intervisible 
. points, the position of one of which is known; also the angles 
at the other two points, thus giving the three angles of the 
triangle. Finally, with the known length of one side and the 
three measured angles of the triangle, the other sides of the 
triangle may be computed. (Art. 259.) 

Triangulation, as executed in connection with geodetic and 
topographic operations, may be divided into three kinds ac- 
cording to its precision: 

1. Primary triangulation, with sides varying from 15 to 
100 miles or more in length, and executed with the best in- 
struments in the most accurate manner; 

2. Secondary triangulation, with sides from 5 to 40 miles 
in length, executed with surveyors’ transit or with plane- 


table; and 
545 
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3. Tertiary triangulation, with sides less than 10 miles in 
length, executed in'the progress of the second, and consist- 
ing of unoccupied locations or of resections from primary and 
secondary locations. 

Primary triangulation should, if possible, be expanded in 
such manner as to form quadrilateral, pentagonal, hexagonal, 
and other standard figures (Art. 238) by which combinations 
of angles may be obtained in order to strengthen the com- 
ponent angles inthe course of the computations. These fig- 


ures are verified by the angles, and at intervals the precision , 


of the whole scheme of triangulation is.verified by the meas- 
urement of additional primary base lines with the accompany- 
ing astronomic determinations of coordinates. 

238. Reconnaissance for Primary Triangulation.—The 
term reconnaissance is generally meant to embrace all those 
investigations of a region about to be triangulated which pre- 
cede the actual field-work of base measurement. (Art. 202) 
and the measurement of angles (Art. 252). Where the re- 
connaissance is preliminary to the execution of triangulation 
of the highest degree of precision, as for geodetic investiga- 
tions, it should be thorough and exhaustive and should de- 
velop every possible scheme of triangulation. 


Ordinarily a reconnaissance, while hastily made, should — 


develop the most practical scheme of figures and afford such 
information as will add to the economy and rapidity of the 
work of angle measurement. The reconnaissance should be 
made with a view to avoiding as far as possible the necessity 
of occupying elevated structures, as observing scaffolds-(Art. 
245); also the longest lines or the highest peaks, as the clouds 
which surround the latter will impede progress, while lines 
having greater length than one hundred miles invariably delay 
progress of the work. Lines of sight should be avoided 
which pass closely to the ground or to the vertical surface of 
any object, as a building, because of the liability to lateral 
refraction. In the course of the reconnaissance sites for check 
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base lines should be sought every 150 to 200 miles, or, say, 
every eight or ten figures, depending on the length of the 
bases. 

In the conduct of a reconnaissance little difficulty will be 
encountered where the elevations are great and the summits 
comparatively clear of timber. If, on the other hand, the 
summits are heavily wooded and comparatively uniform in 
height, the greatest skill will be required and the slowest prog- 
ress made in selecting intervisible points which are most favor- 
ably situated for the extension of the triangulation and the 
formation of the most satisfactory figures. In the flat, com- 
paratively level country of the plains of Kansas, Nebraska,. 
and thereabouts, triangulation may be practically laid off as on 
paper, the points selected being made intervisible by means 
of high signals (Art. 244), and the length of the sides being 
limited only by the curvature of the earth (Art. 239) and. 
the height of the signals. If the same class of country is 
heavily covered with forests, the lengths of the lines will be 
governed by the labor and expense of clearing them. 

The outfit required in making a reconnaissance includes 
(1) a small theodolite, with circle reading by vernier to min- 
utes; (2) a compass-needle attached to the theodolite for 
determining the magnetic direction; (3) an aneroid barometer; 
(4) a 100-foot steel tape; (5) a prismatic compass; and (6) a 
protractor, scale, and paper for platting the reconnaissance 
triangulation as it progresses, in order that the position of 
the points sighted may be approximately ascertained. Also 
the best available existing maps of the country, and only such 
camp outfit (Chap. XX XVIII) and assistants as will permit of 
the execution of the work and least impede the rate of progress. 

In making the reconnaissance it is necessary to keep stead- 
ily in view not only the limitations imposed by the necessity 
of selecting well-conditioned figures, but also that the most 
rigid requirements may be modified in accordance with the 
special features of the country as they are developed by the 
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reconnaissance. Hence the dest plan of triangulation will be 
that which not only satisfies the conditions prescribed, but 
will be most effective in its results and economic in its exe- 
cution. 

Among the more important of these requirements are: 

1. Assured intervisibility of stations; 

2. Selection of the higher summits; 

3. Maximum length of line within a limit of 100 miles; 

4. Angles not in excess of 120 or less than 30 degrees; 

5. The formation of the simplest and strongest figures 
practicable ; 

6. The greatest area in view in order that the largest 
number of intermediate stations may be sighted; and 

7. A consideration of the altitude to which the instrument 
must be raised in order that the visual ray may pass above 
intermediate obstacles. 

The first thing to be borne in mind in planning a triangula- 
tion is that the stations chosen shall form well-conditioned or 
standard figures (Art. 273), and that each triangle in the figures 
shall be as nearly equilateral as possible. To this end no 
angle should be smaller than 30 or greater than 120 degrees, 
except in quadrilaterals, where a few degrees more latitude 
may be permitted in the size of the angles. Hexagonal 
figures cover the largest areas, while quadrilaterals secure the 
greatest degree of accuracy. On the other hand hexagonal 
figures, because of the disposition of the stations, tend to 
retard linear progress and should be avoided, as should 
quadrilaterals with open diagonals when direct and not areal 
progress is sought. Quadrilaterals with observable diagonals, 
while giving the strongest figures, adapt themselves least to 
the topography and are found to be relatively difficult figures. 
Pentagons and guadrilaterals with central stations readily con- 
form to the configuration of the country however complex 
or difficult, and give figures of considerable strength. 

In the course of the reconnatssance extensive notes should 
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‘be made of the character of the country, the difficulties of 
travel, facilities for transportation, methods of climbing the 
various summits, the routes to them, stopping-places, etc. 
Horizontal and vertical angles should be taken on all promi- 
nent peaks and objects, even though it is not expected to in- 
clude them in the triangulation scheme. The reconnaissance 
scheme should be kept platted up each day to scale in order 
to facilitate the finding of such stations as have already been 
selected, by determining the angles to them from known points 
and to thus aid in their recognition from new stations. 

239. Intervisibility of Triangulation Stations.—The fol- 
lowing table, prepared by Mr. R. D. Cutts of the U. S. Coast 
Survey, is of use in reconnaissance in deciding upon the 
height of signals and observing scaffolds to be erected. The 
line of sight from the telescope to the signal should never 


TABLE XXXI. 


DIFFERENCE IN HEIGHT BETWEEN THE APPARENT AND 
TRUE LEVEL. 


% | Difference in Feet for—|| & | Difference in Feet for—|| & | Difference in Feet for— 
| iS | 
3 Curva- $ Curva- fH Curva- 
= | Curva-| Refrac-| ture & | Curva-| Refrac-| ture & | Curva-| Refrac-| ture 
S| ture. | tion. Jand Re-|| $ ture. | tion. jand Re-|| % | ture. | tion. jand Re- 
a fraction fa) fraction fa fraction 
"| O.7 OnE 3.6 23 353-0 49:4 303.6 || 45 | 1351.2 189.2 | 1162.0 
2 ey 0-4 ay 24 384.3 53-8 330-5 4 141I.9 197-7 | 1214.2 
3 6.0 °.8 5.2 25. |, 417.0 58.4 358-6 || 47 | 1474.0 207.3 | 1267.7 
4 10.7 1.5 9.2 26 451.1 63.1 388.0 |} 48 | 1537.3 215.2 | 1322.1 
5 16.7 2.3 14.4 27 486.4 68.1 418.3 || 49 | 1602.0 | 224.3 | 1377.7 
6 24.0 3.4 20.6 28 523.1 732 449-9 50 | 1668.1 233-5 | 1434.6 
7 Seay 4 4.6 28.1 29 561.2 78.6 482.6 || 51 | 1735-5 243.0 | 1392.5 
8 42.7 6.0 36.7 30 600.5 84.1 516.4 || 52 | 1804.2 | 252.6 | 1551.6 
H | 54-0 7.0 46.4 31 641.2 89.8 551.4 |{ 53 | 1874.3 262.4 | 1611.9 
10 | 66.7 9-3 | 574 32 | 683.3 95:7 | 587-6 || 54 | 1945-7 | 272-4 | 1673.3 
j 1x 80.7 0.3 69.4 33 726.6 101.7 624.9 || 55 | 2018.4 282.6 | 1735.8 
| 12 96.1 13-4 82.7 34 771-3 | 108.0 663.3 || 56 | 2092.5 292-9 | 1799.6 
| 13 | 112.8 15.8 97.0 35 817.4 114.4 703-0 || 57 | 2167.9 303-5 | 1864.4 
| x4} 130.8 18.3 412.5 36 864.8 TAT. 743.7 || 58 | 2244.6 314.2 | 1930-4 
| 1g | 150.1 21.0 129.1 37 913-5 127.9 785.6 || 59 | 2322.7 | 325.2 | 1997-5 
| 16 | 170.8 23.9 146.0 38 963.5 134.9 | 828.6 || 60 | 2402.1 336.3 | 2065.8 
| 17 | 192.8 27.0 165.8 39 | 1014.9 142.1 872.8 || 6r | 2482.8 347.6 | 2135.2 
| 18 | 276.2 30.3 185.9 40 | 1467.6 149.5 g18.1 62 2564.9 359-1 | 2205.8 
| 19 | 240.9 33.7 207 2 4m | 112.7 157-0 964.7 |) 63 | 2648.3 370.8 | 2277.5 
| 20 | 266.9 37-4 229.5 42 | 1177.0 164.8 | to12.2 || 64 | 2733.0 382.6 | 2350.4 
| 21 294-3 41.2 oss .x 43) 1293.9) 172.7 | 1061.0 || 65 | 2819.1 394.7 | 2424.4 
| 22 | 322.9 45-1 29767 44 | 1291.8 180.8 | r111.0 || 66 | 2906.5 406.9 | 2499.6 
(ees see = 
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pass less than 6 feet above the earth’s surface at the tangemt 
point, and should be higher, if possible, to reduce errors from 
unequal refraction. 


square of distance XK’ 
mean diameter of earth 22° 


Curvature = (47): 
Log curvature = log square of distance in feet — 7.6209807. 


2 


Refraction Fed ese I (48) 


where K = the distance in feet; 
R= mean radius of the earth (log R = 7.3199507); 
and 
m = the coefficient of refraction, assumed at .070, its. 
mean value, seacoast and interior. 


2 


Curvature and refraction = (1 — 2m) =: . (49) 


Or, calling % the height in feet, and A the distance in statute 
miles, at which a line from the height % touches the horizon, 
taking into account refraction, assumed to be of the same 
value as in Table XX XI (0.70 for one mile), we have 


Vh Ke 


E 7s7s Parse 


An approximate, yet comparatively accurate, empirical 
formula for determining the combined effect of curvature and 
refraction is 


Curvature and refraction, in feet = 0.574 (distance in miles)’. 


The following examples will serve to illustrate the use of 
_the preceding table: 

I. Elevation of Instrument required to Overcome Curvature 
and Refraction.—Let us suppose that a line, A to B, was . 
18 miles in length over a plain, and that the instrument 
could be elevated at either station, by means of a tripod, 
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to a height of 20 or 30 or 50 feet. If we determine upon 
36.7 feet at A, the tangent would strike the curve at the dis- 
tance represented by that height in the table, viz., 8 miles, 
leaving the curvature (decreased by the ordinary refraction) 
of 10 miles to be overcome. Opposite to 10 miles we find 
57.4 feet, and a signal at that height erected at B would, 
under favorable refraction, be just visible from the top of the 
tripod at A, or be on the same apparent level. If we now 
add 8 feet to tripod and 8 feet to signal-pole, the visual ray 
would certainly pass 6 feet above the tangent point, and 20 
feet of the pole would be visible from A. 

Il. Elevations required at given distances.—If it is desired 
to ascertain whether two points in the reconnaissance, esti- 
mated to be 44 miles apart, would be visible one from the 
other, the natural elevations must be at least 278 feet above 
mean tide, or one 230 feet, and the other 331 feet, etc. This 
supposes that the intervening country is low, and that the 
ground at the tangent point is not above the mean surface of 
the sphere. If the height of the ground at this point should 
be 200 feet above mean tide, then the natural elevations 
should be 478, or 430, and 531 feet, etc., in height, and the 
line barely possible. To insure success, the theodolite must 
be elevated, and at both stations, to avoid high signals. 

III. Zo determine whether the line of sight between two 
stations would pass above or below the summtt of an intervening 
hill, and how much in etther case. (Fig. 160.) 


Fic. 160.—INTERVISIBILITY OF OBJECTS. 


hk, = height of lower station. d, = distance /; to he. 
As = height of higher station. dy, = distance /z to As. 
Ag = height of intervening hill. 
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Example I. 

hk; = 600 feet. 600 feet strikes horizon at 32.3 miles, 

hs = 2000 feet. Oft— 99253 14 bs mesma —— sh eeereet= 

igi 1340Nect. 31.7 — 10 = 21.7 miles ae) OMmELCeL 

@= 54 miles, 2000 = 577 feet Taos eet. 
6 

A TOMUILES. es 6.4 and a SI PPG HAAS 
bce) 6.4 


and /,, or height of line at 4, = 1423 + 270 — 222.3 = 1470 feet. 


Hence the line passes 130.7 feet above the intervening 
hill and the stations are intervisible. 
Example II. 


ki =) goo teet. goo feet strikes horizon at 39.4 miles, 

hs = 3600 feet. 80 miles — 39.4 miles = 40.6 miles = 946.0 feet, 

he = 1980 feet. 40.6 — 25.0 = 15.6 miles = 139.8 feet, 

ai 55 niles, 3600 feet — 946 feet = 2654.0 feet, 

oy — 25 niles: zo = )3)20and Z054 == )820.4afeet. 
25 Bee 


and 4 = 2654 +. 139.8 — 829.4 = 1964.4. feet. 


Hence the summit at /, is 15.6 feet higher than the line 
of sight, and the two stations are not intervisible. 

If we elevate the instrument 60 feet at %,, the line would 
pass clear of #,, or its height at that point would be 2006 
reet. 

The question of intervisibility may be also determined by 
the following formula, in which the coefficient of refraction 
is reduced to .065: 


h=h,+ (A, — %,) =="0:5 S030 da St 50) 


Naf 
a, a a, 


Example III. Same data employed as in Example I. 


logs. 
(As — 41) = 1400 feet. log (43 — 4) = 3.14613 ad, = 54 miles 1.73239 
a) = 54miles. log d, = 1.73239 d= 10 miles 1.00000 
d, +d, = 64miles. Co. log (@; -+d,) = 8.19382 Constant 9.76365 


1181.2 feet 3.07234 313.4 feet 2.49604 


and hence # = 600 feet + 1181.2 — 313.4 = 1467.8 feet. 
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240. Accuracy of Triangulation—The precision of a 
scheme of primary triangulation is dependent upon several 
related quantities; notably— 

1. The precision of the astronomic determination of the 
geodetic coordinates of the initial point. 

2. The precision with which the base line on which the 
triangulation is dependent has been measured. 

3. The care taken in gradually transferring the short length 
of abase through expansion to the longer sight lines of the 
triangles. 

4. The errors inherent in the measurement of the angles 
of the triangulation, including those due to instrument as well. 
as signal. 

The probable error of an astronomic determination (Art. 
327) is considerably greater than that of the measure of a base 
line and nearly as great as that introduced within the expan- 
sion of the triangulation. A base line can readily be meas- 
ured with a probable error far less than that which can be 
maintained in the execution of the triangulation (Art. 213). 
It is impossible in triangulation to maintain an accuracy at 
all approaching that of the base measured with a probable 
error of sjphgqq While an accuracy of even zyqyyq is difficult 
to maintain in an extended triangulation. The accuracy of 
the base is lost partly in the base figure and is rapidly dissi- 
pated in the adjacent expansion. The figures used in ex- 
panding a base line through the net of triangles to the outer 
triangles are, therefore, of great importance. Ideally they 
should be a series of quadrilaterals with diagonals intersect- 
ing at right angles. The lengths of their sides should be 
increased in a ratio of I to 2 or 3, thus requiring two or 
three steps or series of figures in the expansion to reach the 
outer triangulation scheme. (Fig. 161). 

241. Instruments.—The various tools employed in the 
measurement of angles of a scheme of primary triangulation 
may be classed under two general heads: 
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1. Instruments for measuring horizontal angles; and 

2. Signals or objects upon which to observe. 

There is practically only one form of instrument em- 
ployed in the measurement of horizontal angles, and this is 
known as a ¢heodolite. In its general characteristics it re- 
sembles an engineer’s transit (Art. 85), from which it differs 
chiefly— 

1. In the fact that the telescope does not transit or re- 
volve vertically through 180 degrees in the wyes; 

2. In the special care exercised in making the instrument, 
particularly in the accuracy of centering and fitting the ver- 
tical axis and strict uniformity of graduation; and 

3. In the size of the telescope and horizontal circle, and 
the mode of reading the graduations upon the latter. 

The earlier theodolites were so constructed that the circle 
was read with vernzers, and in order that a proper degree of 
precision might be attained they were made excessively large, 
having circles from 16 to 30 inches in diameter. Experience 
has proven, however, that with the aid of mzcrometer mucro- 
scopes (Art. 242) greater accuracy of measurement can be had 
by use of an instrument having a horizontal limb not exceed- 
ing 12 inches in diameter; while work which is sufficiently 
accurate for all the purposes of an ordinary triangulation 
can be executed with theodolites having circles of 8 inches 
diameter. 

In Fig. 161 are indicated two typical expansions of the 
base, AB, by means of nearly ideal figures. The first is by 
enlargement to the quadrilateral dCBD; the second would 
be employed when signals could not be observed in the 
direction C, and would be by expansion to the quadrilateral 
ALBDF. An especially strong pentagonal figure is formed 
when all these directions can be sighted. From these expan- 


sion may be made to the still longer sides of the quadrilateral — 


G/TIF, or of the pentagonal figure GH/FE. 
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Where superior theodolites are employed it has been 
found that the probable error of the measure of a direction 
may vary between 1 and 5 seconds of arc. Some of the 
best work of the U.S. Coast Survey has given results vary- 
ing between .6” and .75”. Any triangulation in which this 
does not exceed 1” may be classed as of the highest order. 


a 


Fic. 161.—BASE EXPANSION. 


Measures attaining accuracy of from 2 to 5 seconds are suf- 
ficiently refined for all the ordinary purposes of a primary tri- 
angulation outside of those required in geodetic investiga- 
tions. 

The latest direction theodolites used by the U. S. Coast 
Survey have circles of 12 inches diameter with double centers, 
the outer center of cast iron, and the inner of hardened steel. 
The inner center and socket are made with great precision ; 
the outer center and socket are well made, though constructed 
with less precision, as this center serves only for shifting the 
position of the circle and not for the reading of angles. The 
alidade, by which is meant everything above and including 
the graduated circle, the wyes, and the telescope, is supported 
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on the inner center and is made of aluminum as far as prac- 
ticable, and so constructed that the friction upon the center 
is exceedingly small. The center is 8 inches long, its bear- 
ing surfaces being cones. The circle is covered to protect 
it from dust, and is made especially heavy and the centers 
long, to give stability. In spite of this the weight is but 
41 pounds, due to the extensive use of aluminum. The 
circle is graduated on coin silver and is divided to five min- 
utes, and is read to two seconds of arc by means of three 
equidistant micrometer microscopes. Each degree of the 
graduation is numbered. The telescope objective is 2.4 
inches aperture and 29 inches focal length. A striding-level 
which rests on the axis supporting the telescope is graduated 
to 4 seconds of arc. 

The direction theodolites used in the U. S. Geological Sur- 
vey are supported on heavy split-leg wooden tripods and rest 
upon aluminum tripod heads. (Fig. 162.) The circles of 
these instruments have a diameter of 8 inches and are divided 
to 10 minutes, though they can be read to 2 seconds of arc 
by means of two micrometer microscopes placed on opposite 
sides of the alidade. The object-glass is 2 inches in diameter 
and has a focal length of 164 inches, with an eyepiece having 
a magnifying power of about 30 diameters. 

_242. Micrometer Microscope.—This is a device for the 
measurement of smaller parts of an arc than are indicated by 
the graduations upon it. Micrometer microscopes are used 
in high-power angle-reading instruments in place of the ver- 
niers used on engineering instruments, since they give more 
accurate results and finer subdivisions of the arc. They con- 
sist of a microscope generally supported upon the standards 
of a theodolite with the objective end in close contact with 
the horizontal circle, and lighted by a cylindrical glass ex- 
tension. It is sometimes called the filar micrometer, because 


the small measurements are made by means of fine threads. 
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Fic. 162.—EIGHT-INCH DIRECTION THEODOLITE. 
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or films. These are similar to the cross-hairs of the eye- 
piece of a telescope. The instrument consists of three sepa- 
rate parts: 

1. The microscope tube, carrying the lenses for magnify- 
ing the divisions on the circle and the hairs; 

2. A large-headed screw the outer circumference of which 
is divided, and is read by means of a fixed pointer; and 

3. A comb-scale and cross-hairs by which the divisions 
of the circle are read and subdivided. 

The micrometer cross-hairs and comb-scale are fixed in the 
plane of the image produced by the objective of the micro- 


Fic. 163.—SECTION OF MICROMETER THROUGH SCREW SHOWING COMB 
AND CROSS-HAIRS IN CENTRAL PLAN. 


scope. This image is larger than the object seen in the 
microscope, therefore a given amount of the micrometer 
cross-hairs corresponds to a much less distance on the ob- 
ject sighted. The cross-hairs are held in a frame which is 
moved by a screw having a very fine thread, called the #7- 
erometer screw. (Fig. 163.) This is caused to revolve by 
a large head, called the sezcrometer head, which is cylin- 
drical or hollow, its outer circumference being divided into 
sixty. 

The relation between the comb-scale of the microscope, 
and the graduations on the micrometer head which denote 
the fractions of a revolution of the screw, is such that one 
full revolution of the screw corresponds to one tooth of the 
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comb-scale. The number of whole revolutions of the screw 
are recorded by noting how many teeth of the comb-scale 
are passed over; the fractional parts of a revolution being 
read on the graduated micrometer head. 

If the circle of the instrument is divided to 10 minutes 
and the micrometer read to 2 seconds, as in the case of the 
d-inch theodolite of the U. S. Geological Survey, the heads of 
the micrometers are divided into sixty parts numbered 0, 10, 
20, 0, 10, 20. One revolution of the micrometer screw is 
equivalent to 2 minutes, and one division of the head to 
2 seconds. The comb-scale of the micrometer consists of ten 
parts, each of which corresponds to the space cf 10 minutes 
on the circle and to five revolutions of the micrometer screw. 
The slide by which it is read carries two cross-hairs close 
together. The micrometer records zero near the middle 
when one of the two cross-hairs is on the middle line of the 
comb-scale and the head of the screw is at zero. Degrees 
and minutes are read directly in the microscope. The read- 
ings of the micrometer head are recorded in the notes as 
divisions. The sum of the readings of the heads of the two 
separate micrometer microscopes gives the mean reading of 
the two in seconds. 

Five revolutions of the screw should move the cross-hairs 
from one graduation to the next. If this is not exactly true, 
then the value of the ten-minute space should be measured a 
number of times by running the cross-hairs backward and for- 
ward. The mean of these five revolutions should give the 
mean value of one revolution of the micrometer screw, and 
this is called the ran of the screw. When reading the instru- 
ment a correction is to be applied called the correction for 
run, and this is determined as described above for various 
parts of the micrometer screw. (Art. 251.) 

243. Triangulation Signals—There are three general 
forms of signals upon which to observe or point the cross- 
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hairs of the telescope in the measurement of angles of a pri- 
mary triangulation. These are: 

1. Opaque signals, usually tripods or poles of wood with 
flag or other opaque device attached thereto ; 

2. Reflecting signals; and 

3. Lights or night-signals. 

Opaque signals should generally be employed where the 
conditions of the atmosphere and the lengths of the sights 
will permit. A smaller probable error results from observing 
upon them than upon any other form of signal. 

Reflecting signals are of two general types: 

1. Tin reflecting cones or other stationary objects of 
conical or cylindrical shape; and 

2. Heliotropes, or instruments by which sunlight is re- 
flected by a mirror towards the observer. 

Neither heliotropes nor ¢zz reflecting cones permit of as 
accurate results in observing as do opaque signals, because of 
the phase or displacement of the reflected beam of light, 
which is often considerable. The most satisfactory reflecting 
signal upon which to observe, because of the certainty of its 
being seen in hazy and foggy weather or on timber-covered 
summits, is the “e/zotrope. The flash of the reflected sunlight 
from this instrument can be seen from the most distant points 
which can be observed, as well as on those partially obscured 
by atmospheric conditions. 

In smoky and hazy weather the atmosphere is clearest at 
night, and it may be necessary to use reflectors illuminated by 
ordinary kerosene lamps or, on very long lines, by magnesium 
tape burned in and reflected by a special apparatus. 

The correction for phase tn tin cones, or reduction to the 
center of the signal, is 
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Disinit' 2 


Cor. = + 


TRIPOD AND QUADRIPOD SIGNALS. 561 


in which 7 = radius of signal, 
Z = angie at point of observation between the sun 
and the signal, and 
) = distance from observer to signal. 

244. Tripod and Quadripod Signals.—Various forms of 
Opaque signals are employed, according to the length of sight 
and the availability of materials for construction. Where 
the circumstances will permit, the simplest form is a tripod 
from the center of and above which projects a pole carrying 
cross-pieces to which are fastened strips of cloth at right 
angles in target form, while the whole may be surmounted 
by a flag. (Fig. 164.) The object of the flag is that, in 
waving in the sunlight, its white flash is more readily dis- 
tinguished and more quickly attracts the.observer than do 
the stationary tripod and targets. This form of signal must 
be accurately centered over the station mark, the bottom of 
the pole being cut off so that the theodolite can be set 
beneath the tripod and over the station mark. 

The various details of the tripod signal, such as— 

1. Height of pole; 

2. Dimensions of the tripod; 

3. Boarding-in of the lower part or covering it with can- 
vas to shade the instrument and protect it from high winds; 

4. Whether the pole or the cloth upon it shall be white 
or black; 

5. Character of the signal to be employed; 
and other matters of detail vary with— 

a. Length of the line observed ; 

6. Altitude of the station; 

c. Background of the station; and 

d. Atmospheric conditions encountered. 

The diameter of the szgnal-pole must not be greater than 
will just permit of its being distinctly seen, so that it may be 
accurately bisected by the vertical cross-hair. The latter 
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must not cover the pole, but must permit a portion of it to 
show on either side of the hair. The diameter which, with 
averaged-sized cross-hair and magnifying power, subtends an 
angle of 1 second at 1 mile is .307 of an inch; hence.at 20 
miles it is 6.1 inches, at 40 miles it is 12.3 inches, at 60 mile’ 
itv is 18.4 \inches, ‘and, at/80/miles it is" 24.6 "ifthes.” the 
above proportions show that for lines exceeding 16 miles the 
diameter of the signal should not exceed one second in value. 
The solid part of the pole should never be greater than about 
4 to 6 inches in diameter, in order that it may not be too 
heavy to raise. Its visible dimensions may be increased by 
nailing slats of wood upon it and covering these with cloth or 
with a reflecting cone of metal. 

Such signals may be constructed of any material which is. 
convenient to hand, as poles cut in the woods, old rails, ete.. 
It is preferable, however, to build them of 2X4 or 3x4 
sawed scantling, and this should be procured in 12- to 16-foot 
lengths, according to the height to which it is necessary to 
raise the flag above the ground surface in order that it may 
be seen over intervening obstructions. Moreover, the upper 
portions of such a signal should be painted white. The addi- 
tional expense incurred in using such materials and in paint- 
ing will be more than counterbalanced by the added immunity 
from destruction by vandalism, a well-built and attractive: 
looking signal being far less liable to such injury than one 
crudely put together. Moreover, squared scantling can be 
more easily cut to abut against the central pole, or to be 
pieced together where it is necessary to have a signal of 
greater height than the average length of the scantling. The 
spread _of the legs should be about two-thirds of the height 
of the pyramid to give stability. 

To anchor the signal, holes should be dug about 2 feet in 
depth into which the legs of the scantling should be sunk. 
Stakes 4 feet in length at least should then be driven into the 
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ground in contact with the foot of each pole and approxi- 
mately at right angles to them, and these should be nailed to 
the scantling. This will practically insure the signal against 
being blown over. 

245. Observing Scaffolds.—Where it becomes necessary 
to elevate the instrument, a wooden scaffold must be erected, 
and this must be so constructed that the instrument can rest 
on a central scaffold entirely independent of the platform 
upon which the observer stands, in order to avoid jarring the 
instrument. The inner scaffold for the support of the instru- 
ment should be a tripod triangular in cross-section, and the 
inclination of its sides should be such as to give it rigidity and 
to bring the main frames together in one cap-piece at the 
summit on which the instrument will rest. The outer scaffold 
for the support of the platform on which the observer will 
stand should be square in plan, and the sides should be in- 
clined so as to give stability. The width of the platform at 
the top should be sufficiently great to permit of the free 
movement of the observer about the instrument, and he 
should be protected by a railing around the outer edge of the 
platform. (Fig. 165.) 

Such scaffolds may be constructed of the crudest material 
at hand, and it may -be necessary often to use such only. On 
inaccessible mountains the writer has erected scaffolds in the 
tops of trees, and a central tree has been used as an observing 
stand for the instrument. In such cases all limbs should be 
cut off the tree as well as the top, in order to offer the least 
obstruction to the wind, which will otherwise jar the instru- 
ment. In other instances satisfactory observing scaffolds have 
been built in the limbs of a single large tree, and another 
growing close to it has been used as the observing stand. 
Wherever sawed scantling is available, however, it should be 
employed, for the reasons given in the last article. The 
scaffold should be erected much as is the framework of a 
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building. Each length should be framed on the ground until 
as many bents have been fastened together as can be readily 
raised with the force available, perhaps two bents of 8 or 12 
feet each. Those two which are opposite should be erected 
at the same time, and then the cross:bracing be nailed to place 
them at the proper distance. Thereafter boards are laid 
across the tops of each set of bents, and the workmen, stand- 
ing on these, frame the next higher bent. 

The whole should be strengthened by diagonal bracing 
with one-inch planks. It should be anchored as described 
in the last article, and braced, moreover,’ by long planks, 
leaning against it as struts and suitably grounded, or by 
suying it with long wires to neighboring stakes or trees. 

246. Heliotrope—rThis is an instrument designed to 
reflect sunlight by a mirror from the station sighted upon 
to that occupied by the observer. The beam of reflected 
light is pointed upon as ona signal. There are three specific 
objects to be aimed at in the design and use of the heliotrope: 

1.. The reflecting surface should be as near the center of 
the station as possible; 

2. The method of aligning or directing the reflected beam 
toward the observer’s station should be the most precise and 
simple attainable ; 

3. The method of maintaining the direction of the re- 
flected beam, while following the apparent movement of the 
sun, should be the simplest possible. 

There are three general types of heliotropes for the 
accomplishment of the above objects. These are: 

I. Simple hand-mirrors provided with screw for attach- 
ment to a wooden support; 

2. Telescopes carrying revolving mirror and aligning 
sights; 

3. Steinheil heliotrope having mirror aligned by the re- 
flected image of the sun. 

fleliotropes should rarely be used as signals for distances 
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less than twenty miles, excepting for very smoky or: hazy 
weather, or because of the difficulty of making visible an 
opaque signal in dense wood; or at any greater distance pro- 
viding an opaque signal can be seen. This chiefly because (1) 
opaque signal gives better definition; (2) the beam reflected 
from the heliotrope is too large when observed at short range; 
(3) it is difficult to arrange a satisfactory understanding 
between the observer and the distant heliotroper. 

The dimensions of a heliotrope should be the smallest 
which will produce a clearly defined and visible star of light 
at the distance observed. In order, therefore, to secure 
images of uniform size at all distances, the size of the mirror 
must be varied according to the distance. For ordinary 
atmospheric conditions and distances of ten miles and over, 
the following formula may be used to determine the size of 
the mirror: 

#-==",0404, 


in which x = the length of the sides of the mirror in inches; 
d = the distance observed in miles. 


In accordance with this formula the following table gives 
the length of the side of the mirror for various distances. 


JENS, DOORN 


SIZES OF HELIOTROPE MIRRORS. 


| 
Distance, Side, Distance, Side, Distance, Side, 
Miles. Inches. Miles. Inches. Miles. Inches. 
10 0.46 60 2.8 120 5.5 
20 0.92 70 3.2 I40 6.4 
30 137 80 a7, 160 7.3 
40 1.83 go ALE 180 8.3 
50 2.3 100 4.6 200 g.2 


While the alignment of the mirror must be relatively 
precise, such accuracy is only required as may be obtained 
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by relatively crude methods. The cone of incident and 
reflected rays subtends equal angles the amount of which 
is about 32 minutes. The base of this cone is about 50 
feet in diameter per mile of distance. Thus for a distance 
of 20 miles the reflected ray is visible over a vertical area 
of about rooo feet diameter. It is thus evident that the 
alignment may vary as much as I5 minutes of arc on either 
side of the true direction, or nearly .01 of a foot in a distance 
or2 feet, 

The simplest, most useful, and most practical heliotrope 
for all ordinary usage is a small hand-mirror (Fig. 166, 6) sim- 
ilar to the reflecting mirror used with the telescopic helio- 


Fic. 166.—TELEScoPpiIc HELIOTROPE. 


trope. The hand-mirror or the fe/escopic heliotrope (Fig. 
166, @) is used by inserting into the side of a tree or post 
or other wooden support the screw to which it is attached by 
means of a hinged joint working with friction. Thus, by 
screwing or unscrewing it into the wood and moving the joint, 
it can be made to follow the path of the sun. A similar 
mirror at a distance of 10 or 15 feet is used to reflect the 
sunlight into the heliotrope mirror when the position of the 
sun is such that a direct reflection cannot be cast towards the 
observing station. The reflecting or second mirror (Fig. 166, 6) 
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is of similar construction to the hand mirror and likewise may 
be screwed into a stake, board, or tree. 

The aliguiment of the reffected beam from a hand mirror 
is procured by ranging the pointed tops of two small stakes 
_or sticks by eye from it to the observer's station. In order 
that this alignment may be sufficiently accurate these stakes 
must be set up at some considerable distance apart, the first 
about 10 feet and the second 20 to 50 feet distant from the’ 
heliotrope. Such alignment having been once made by the 
triangulator or an assistant, a heliotroper or man who shall 
move the mirror so as to keep the sunbeam on the tops of 
the two stakes may be employed, and any near-by resident 
of ordinary intelligence will be capable of performing such 
simple labor. To make sure that the reflected image is cast. 
upon the tops of the stakes some dark object, as the trousers 
or hat of the heliotroper, should be placed behind them at 
intervals in order that the shadow cast by the reflected beam 
over the top of the stake may be clearly noted. Or a square 
of tin with a hole cut in it of size proportioned to the dis- 
tance may be held in front of the mirror as a stop. 

The felescopic or Coast Survey heltotrope (Fig. 166) con- 
sists of a telescope of moderate magnifying power attached to 
a screw moving with friction, by which it is fastened into a 
wooden support. Near the eye end is a mirror supported by 
a horizontal axis, and the latter may be rotated vertically so 
as to give two motions. A few inches in front of this and at 
the objective end of the telescope are two rings, so placed 
that the axes of the center of the mirror and of the rings are 
parallel to the line of sight of the telescope. The telescope 
being directed upon the observing station, the mirror is so 
turned as to reflect the sunlight through the rings and thus to 
the observing station. This instrument is less simple than 
the hand mirror because of its liability to get out of adzust- 
ment. One of the rings may be adjusted by raising or lower- 
ing it, and the adjustment should be frequently tested to 
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assure that the alignment of the mirror and both rings is per- 
fect. This operation consists in pointing the telescope at 
some object 100 or 200 feet away and noting if the reflected 
light is cast exactly upon it. If not, the adjustable ring 
must be moved to correct the error, 

The Stetnheil heliotrope (Fig. 167) is a far more compact 
and serviceable instrument than the telescopic heliotrope. 
It requires, however, for its manipulation an assistant of 
some intelligence. On the other hand tele- 
scopic and hand heliotropes can scarcely be 
safely used by an ordinary laborer; there- 
fore where hand-mirrors aligned by stakes 
are not used the Steinheil will give the 
greatest satisfaction. It is but three or four 
inches in length and can be carried easily in 
the pocket or in a light leather case. This 
instrument, in addition to its portability, 
has the advantage that there are no mov- 
able parts to get out of adjustment by 
jarring in carrying. 

The Steinheil heliotrope consists of a 


Fic. 167.—STEINHEIL small sextant mirror, the two surfaces of 

HELIOTROPE. which are as nearly absolutely parallel as 
possible. This mirror has a small hole in the center of the 
reflecting surface, below which is a small lens in the shaft 
carrying the mirror, and below the lens is some white reflect- 
ing material, as plaster of Paris. The mirror is so mounted 
that it has four different motions, two about its horizontal 
axis and two about its vertical axis, each of which can be 
separately controlled by clamps or friction joints. Zo use the 
Stetnheil, it is screwed into some wooden support, as the side 
of a tree or post, in such a position that the main axis carry- 
ing the lens and plaster-of-Paris reflector can be kept parallel 
to the sun’s rays. The heliotroper, standing behind the mirror 
and looking through the central hole towards the instrument 
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station, sees an imaginary sun produced by the reflection of 
the true sun from the plaster of Paris and focused by the lens 
on the surface of the glass. The mirror should then be slowly 
moved until this imaginary sun, moving with it, appears to 
rest on the object towards which the flash is to be cast. As 
both surfaces of the mirror are parallel, the true reflection of 
the sun from the surface of the mirror will also be cast on the 
object sighted. 

Various attempts have been made to design heliotropes 
which shall automatically follow the path of the sun in a 
manner similar to the clockwork mechanism employed in ob- 
servatories for following the movement of stars with large 
telescopes. None of these have proven satisfactory, how- 
ever, because of their complexity and weight. Other at- 
tempts at effecting a similar result have been made by using 
rectangular polished steel bars made to revolve about a hori- 
zontal axis, and the latter to revolve about a vertical axis 
through hand mechanism. An automatic motion for the 
same has been attempted by use of cup-shaped wind vanes, 
similar to those used in anemometers, whereby a many-sided 
heliotrope is made to revolve in all directions continuously 
by the wind. Such an apparatus flashes light in every direc- 
tion, but as yet such flashes have not been procured of suffi- 
cient duration and certainty to serve the purposes desired. 

The greatest objections to the use of heliotropes as signals 
are due to the uncertainty of the atmosphere and the diffi- 
culties of communication between observer and _ heliotroper. 
Where any attempt is made to observe on several helio- 
troped stations at one time, if the sun be occasionally or 
partly obscured by cloud, uncertainty arises on the part of 
the heliotroper as to whether the observer has measured all 
the angles required, and he may prematurely leave his station, 
thus causing considerable delay in conveying directions to 
him to return. To obviate this a brief code of heliograph 
signals should be arranged where much heliotroping is to be 
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done. The fewest possible sentences should be devised and 
practiced by heliotropers and observer. The method of con- 
veying such signals is by intermittent flashes and blank 
spaces, corresponding in general to the dots and dashes of the 
Morse telegraphic code. Vhe interval between the period 
during which the heliotrope is permitted to shine and that 
during which its light is cut off by interposing the hand or 
some other object before the mirror to produce a blank, 
should be of not less than ten seconds’ duration nor as great 
as one minute. ‘hus a sentence may be conveyed by a flash 
of ten seconds followed by a blank of ten seconds, or another 
by a flash of ten seconds followed bya blank of thirty seconds 
and a flash of ten seconds. Any number of similar combina- 
tions may be prearranged. 

247. Night-signals.—Where the observation of angles is 
impeded during the daytime by dense smoke, the best results 
are procured by signalling with lights used at night. The 
moisture in the air at night carries the smoke down into the 
valleys, thus clearing the atmosphere between the higher 
summits from which observations are made. Several forms 
of night-signals have been employed with some success both 
in India and France, and experimentally by the U. S. Coast 
Survey. These lights are practically of three kinds only: 
(1) electric arc light, (2) magnesium tape, and (3) kerosene-oil 
lamp. All should be used with a parabolic reflector .12 or 
more inches in diameter, depending on the distance. 

The chief conditions in connection with a suitable night- 
light are that it should be (1) cheap, (2) capable of manipula- 
tion by persons of ordinary intelligence, (3) light enough to 
be easily transported to mountain-tops, and (4) simple of con- 
struction and adjustment. 

The form of light which fulfills these conditions best, ex- 
cepting that of cost, is magnestum tape. Experiments with 
this by the Coast Survey indicate that its cost is about $2.25 
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per oz. of 40 yards length, and its consumption 12 to 18 
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inches per minute if sufficient brilliancy and steadiness is 
maintained. This is at the rate of about 24 cents per minute, 
or $1.40 per hour if burned steadily. Accordingly, on the 
assumption of the average period for observing, which is 
about two hours, such night-signals will cost about $3 per 
night for each signal burned. Another form of night-signal, 
which is difficult to transport, but is perhaps even more satis- 
factory, is the ordinary serosene-otl headlight of a locomotive. 

248. Station- and Witness-marks.—Primary triangula- 
tion stations should be so permanently marked as to render 
them possible of identification at any future time. This class 
of marking should include both surface and underground 
marks. The surface mark, being visible, is readily found, and 
in searching fora station its position can be verified by the 
discovery of the underground mark. Should the surface 
mark be disturbed, which is not unlikely, the witness-marks 
will indicate the positions of the underground mark, the dis- 
covery of which will again locate the station. 

Underground marks should’ be buried below frost and 
plow line, say at least three feet beneath the surface. Their 
chief characteristics should be: (1) indestructibility ; (2) peculi- 
arity of shape and appearance; (3) cheapness and lack of value 
as a protection against cupidity. Some of the following are 
excellent underground marks: a stoneware tile or tablet, 
dish or cone; a short chiseled block of granite, sandstone. or 
other stone not indigenous to the locality; a brick or block 
of hydraulic cement stamped with suitable lettering. 

Surface marks depend largely upon the nature of the 
material composing the ground surface. Where this is soil, 
they may consist (1) of iron posts sunk into the ground 
(Fig. 100) with a few inches projecting and bearing a suitable 
inscription on a metal cap; (2) of stone posts dressed to a 
square cross-section and appropriately marked; or (3) where 
the surface is of rock a small eminence or a cross-mark should 
be chiseled on it and a copper bolt sunk therein. 
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Witness-marks are established by measurement and mag- 
netic bearings, which are recorded from the station-mark to 
projecting rocks, houses, trees, or to witness monuments 
which may be planted for the purpose. The record of a 
station should include descriptions of its summit, under- 
ground station-marks, and witness-marks, with a sketch of the 
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249. Precautions in Measuring Horizontal Angles.— 
The following are some of the more important precautions to 
be observed in occupying a station and setting up the instru- 
ment preparatory to the measurement of horizontal angles, 
namely: 

Stability of support of instrument; 
Stability of foot-screws ; 

Freedom of motion of alidade; 
Knowledge of signals; and 

5. Avoidance of gross errors in record. 

The instrument should have a stable support, which may 
be a stone pier, a wooden post, or a good tripod. If a port- 
able tripod is used, its legs should be set firmly in the ground 
and clamped tightly to the tripod head. On this the instru- 
ment should rest freely without being held by center clamp. 

The foot-screws of the istrument should be tightly 
clamped after it is leveled for work. Looseness of the foot- 
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screws and tripod is a common source of error. 

The alidade, or part of the instrument carrying the tele- 
scope, circle, and verniers or microscopes, should move freely 
on the vertical axis. Clamps should likewise move freely 
when loosened. Whenever either of these moves tightly, the 
instrument needs cleaning, oiling, or adjusting. 

The observer should always have a definite preliminary 


knowledge of the signals or objects observed. The lack of it 
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may lead to serious error and entail cost much in excess of 
that involved in procuring such knowledge. 

Great care should be taken to insure correctness in the 
record of degrees and minutes of an observed angle. The 
removal of an ambiguity in them is sometimes a troublesome 
and expensive task. 

250. Observer's Errors and their Correction.—The 
general directions and precautions given in Articles 250 to 
252 regarding instrument errors and the measurement of 
angles in a system of primary triangulation were prepared by 
Prof. R. S. Woodward for the guidance of the observers of 
the U. S. Geological Survey. They are supplemented by 
memoranda from the Proceedings of the Geodetic Conference 
held at the U. S. Coast Survey office in Washington in 1893, 
and from the experience of the author. 

The errors to which measured angles are subject may be 
divided into two classes, viz. : 

1. Those dependent on the instrument used, or instru- 
mental errors; and 

2. Those arising from all other sources, which may be 
called observer's or extra-instrumental errors. 

Extra-instrumental errors may be divided into four 
classes, namely: 

1. Errors of observation ; 

2. Errors from twist of tripod or other support; 

3. Errors from centering; and 

4. Errors from unsteadiness of the atmosphere. 

Barring blunders or mistakes, the errors of observation are 
in general relatively small or unimportant. With observers 
practiced in measuring angles such errors are the least for- 
midable of all the unavoidable errors, and the methods 
devised for their elimination result in practical perfection 
The recognition of this fact is very important, for observers 
are prone to attribute unexpected discrepancies to bad ob- 
servation rather than to their much more probable causes. 
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After learning how to make good observations the observer 
should place the utmost confidence in them, and never yield 
to the temptation of changing them because they disagree 
with some preceding observations. Such discrepancies are 
in general an indication of good rather than of poor observa- 
tions. 

Stations or tripods which have been unequally heated by 
the saz or other source of heat usually ¢zvzst more or less zz 
azimuth. The rate of this twist is often as great as a second 
of arc per minute of time, and it is generally quite uniform 
for intervals of ten to twenty minutes. The effect of twist 
is to make measured angles too great or too small, according 
as they are observed by turning the microscopes in the direc- 
tion of increasing graduation or in the opposite direction. 
This effect is well eliminated, in general, in the mean of two 
measures, one made by turning the alidade in the direction 
of increasing graduation, followed immediately by turning 
the alidade in the opposite direction. Such means are called 
combined measures or combined results, and all results used 
should be of this kind. As the uniformity in rate of twist 
cannot be depended on for any considerable interval, the 
more rapidly the observations of an angle can be made the 
more complete will be the elimination of the twist. The 
observer should not wait more than two or three minutes 
after pointing on one signal before pointing on the next. If 
for any reason it should be necessary to wait longer than 
such short interval, it will be best to make a new reading on 
the first signal. 

The precision of centering an instrument or signal over the 
station or geodetic point increases in importance inversely 
as the length of the triangulation sides. Thus if it is desired 
to exclude errors from this source as small as a second, one 
must know the position of the instrument within one-third of 
an inch for lines a mile long, or within six inches for lines 
twenty miles long. The following easily remembered rela- 
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tions will serve as a guide to the required precision in 
any case: 
I second is equivalent to 0.3 inch at the distance of 1 mile; 


I GG BE ot ‘SP a2O INCHES, +. os “¢10 miles; 
I 66 6 66 6c 6.0 66 (Ke OK “é Le) éc ; 
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The notes should always state explicitly the relative posi- 
tions of instrument and signal, and give their coordinates 
(preferably polar coordinates) if they are not centered. 

Objects seen through the atmosphere appear unsteady, 
and sometimes this dozling of the atmosphere is so great as 
to render the identity of objects doubtful. This is usually 
greatest during the middle of the day, and generally subsides 
or ceases for a considerable period between 2 P.M. and sun- 
down. There is frequently also a short interval of quietude 
about sunrise, and on cloudy days many consecutive hours of 
steady atmosphere may occur. For the best work, observa- 
tions should be made only when the air. causes small or 
imperceptible displacements of signals. In applying this 
rule, however, the observer must use his discretion. Errors 
of pointing increase rapidly with increase of unsteadiness, but 
it will frequently happen that time may be saved by counter- 
balancing errors from this source by making a greater number 
of observations. Thus, if signals are fairly steady, it may 
be economical to make double the number of observations 
rather than wait for better conditions. 

251. Instrumental Errors and their Correction.—The 
best instruments are more or less defective, and all adjust- 
ments on which precision depends are liable to derangement. 
Hence results the general practice of arranging observations 
in such a manner that the errors due to instrumental defects 
will be eliminated. The principal errors of this kind and 
the methods of avoiding their effects are: 

1. Periodic errors; 

2. Accidental errors; 
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Collimation errors; 

Errors due to inequality of pivots; 

Errors due to inequality in height of wyes; 
Errors due to inclination of telescope axis; 
Errors due to parallax of cross-hairs; 
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Errors of run of micrometer-screw; and 
g. Errors from loose tangent or micrometer screws. 
Measurements made with a graduated circle are subject to 
certain systematic errors commonly called periodic. Certain 
of these errors are always eliminated in the mean or sum 
of the readings of the equidistant verniers or microscopes, 
and both or all of these should be read with equal care in 
precise work. Certain other errors of this class are not elimi- 
nated in the mean of the microscope readings, and only 
these need consideration. Their effect on the mean of all the 
measures of an angle may be rendered insignificant by making 
the same number of individual measures with the circle in 
each of equidistant positions separated by an interval equal 
360° 
fo) 
nM 
microscopes. Thus, if # = 2, the circle should be shifted 


, where wz is the number of equidistant verniers or 


° 


Oo : 
, which, for 


after each measure by an amount equal to 


example, is 45° for z = 4 and 30° form =6. The degree of 
approximation of this elimination increases rapidly with x. 
(Art. 252.) Other things being equal, therefore, the measures 
of such special angles should show less range than the measures 
of other angles. 

Besides the instrumental errors of the periodic class, there 
are also accidental errors of graduation. These are in gen- 
eral small, however, in the best modern circles, and their 
effect is sufficiently eliminated by shifting the circle in the 
manner explained above for periodic errors. 

The effect of an error of collimation on the circle reading 
for any direction varies as the secant of the altitude of the 
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object observed. The effect on an angle between two objects 
varies as the difference between the secants of their altitudes. 
This effect is eliminated either by reversing the telescope in 
its wyes, or by transiting it without changing the pivots in 
the wyes, the same number of measures being obtained in each 
of the two positions of the telescope. The latter method is 
the better, especially in determining azimuth, since it elimi- 
nates at the same time errors due to inequality of pivots and 
mequality in height of wyes. 

The effect of errors due to inclination of telescope axis on 
the circle reading for any direction varies as the tangent 
of the altitude of the object observed. If the inclination 
is small, as it may always be by proper adjustment, its effect 
will be negligible in most cases. But if the objects differ 
much in altitude, as in azimuth work, the inclination of the 
axis must be carefully measured with the striding-level, so 
that the proper correction can be applied. The following 
formula includes the corrections to the circle reading on any 
object for collimation and inclination of telescope axis: 


Cor ia see Gan 2, tweets een Sls) 
in which c = collimation in seconds of arc; 
6 = inclination of axis in seconds of arc; 
h = altitude of object observed. 


Parallax of cross-hairs occurs when they are not in the 
common focal plane with the eyepiece and objective. It is 
detected by moving the eye to and fro sidewise while looking 
at the wires and image of the object observed. If the wires 
appear to move in the least, an adjustment is necessary. The 
eyepiece should always be first adjusted to give distinct vision 
of the cross-hairs. This adjustment is entirely independent 
of all others, and requires only that light enough to illuminate 
the wires enter the telescope or microscope tube. It is de- 
pendent on the eye, and is in general different for different 
persons. Hence bad adjustment’ of the eyepiece cannot be 


_ 
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corrected by moving the cross-hairs with reference to the ob- 
jective. Having adjusted the eyepiece, the image of the 
object observed may be brought into the plane of the cross- 
hairs by means of the rack-and-pinion movement of the tele- 
scope. <A few trials will make the parallax disappear. 

When circles are read by micrometer microscopes it is 
customary to have them so adjusted that an even number of 
revolutions of the screw will carry the wires over the image of 
a graduation space. If the adjustment is not perfect, an error 
of run will be introduced. This may in all cases be made 
small or negligible, since by means of the independent move- 
ments of the whole microscope and the objective with respect 
to the circle the image may be given any required size. In 
making this adjustment some standard space, or space whose 
error is knawn, should be used. At least once at each station 
where angles are read observations should be made for run of 
micrometers. , 

READINGS FOR RUN OF MICROSCOPES ON SPACE 359° 50’ 
TO 360°. 


(Ideal case showing microscopes in need of adjustment.) 


a pf ieei: ki as, 
B50 5Olg Ben 3605 359° 50 360° 

4.0 321 Li 0.2 

4.0 232 Zeal el 

3.9 2.4 Zn 0.7 

2.3 2.6 Lig 0.0 

4.1 By 2a1 O.1 
Means... .. 3:80 2.60 Le ar 
WUerencern =... —1.26 —1.50 
Error of space... .—0.37 known —0.37 known 
PPrOrsor Tull, . s.« « —1.63 for 5 revs. —1.87 for 5 revs. 


Hence readings of microscope A should be diminished by 
0.33 div. per revolution, and those of B by 0.37 div. per 
revolution, which is one-fifth of the error of run in each case. 
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Errors from loose tangent sr micrometer screws are due to 
their moving too freely or loosely. In making a pointing 
with the telescope the tangent screw should always move 
against or push the opposing spring. Likewise, bisections 
with the micrometer wires must always be made by making 
the screw pull the micrometer frame against the opposing 
spring or springs. 

252. Methods of Measuring Horizontal Angles.—Two 
general methods are employed for reading parts of the angle 
less than the smallest space graduated on the horizontal limb, 
namely : 

1. By means of verniers; and 

2. By micrometer microscopes. 

Where it is unnecessary to read angles to lesser amounts 
than 10 seconds of arc verniers may be successfully employed. 
If greater accuracy is to be attempted by reading to smaller 
fractions of the arc, micrometer microscopes must be em- 
ployed. Primary angles are read with verniers by the method 
of repetition, and with micrometer microscopes by the method 
of dtrections. 

Vernier or repeating theodolites are not used now to any 
extent on primary work of high order. In order that the 
best results may be had from such an instrument it must 
have a very large circle, as from 16 to 20 inches diameter, 
and be proportionately heavy and cumbersome. Such instru- 
ments are now generally employed only on secondary tri- 
angulation, where a circle not greater than six or seven inches 
in diameter will give satisfactory results. 

The method of reading angles with the repeating instru- 
ment consists in pointing at the first station, 2, and with the 
lower circle clamped revolving the graduated limb and point- 
ing at the second station, o (Fig. 175). Then with the upper 
circle clamped the instrument is revolved on its lower circle 
in the reverse direction so as to point back again at , and 
the operation is repeated. By this means the direct reading 


ee 
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of the angle between the two stations is increased or added 
on the vernier in proportion to the number of repetitions of 
the angle made. Thus if six such angles are read, the single 
angle will be the total recorded on the circle divided by 6, 
and the result will be a reading possibly 1 smaller than the 
amount by which a single angle could be read on the vernier. 
In the use of such an instrument each set of repetitions con- 
sists of a fixed number of measures of the angle, say three, 
followed by an equal number of measures with the telescope 
reversed. Two sets of six repetitions, as 3 direct +- 3 reversed, 
are preferable to one set of twelve repetitions, as 6 direct + 6 
reversed, because something may occur to interrupt the 
observations during the longer time. In like manner the 
various angles between the adjacent stations observed are each 
separately read. 

The dest results procurable in the measurement of hori- 
zontal angles are obtained wzth direction instruments. Such 
instruments, with circles as small as 8 inches, will give more 
accurate readings of the angle than a corresponding repeating 
instrument of 16 to 18 inches circle. In observing with a 
direction instrument the more usual method is to divide the 
circle into a number of equal parts known as positions. This 
number should be such that no microscope may fall upon the 
same graduation in pointing upon the same object in different 
positions or after reversal of the telescope. Having estab- 
lished the initial direction, one or more series are observed in 
each position, each consisting of the pointing and reading 
upon each of the signals in order and reading of the gradua- 
tion of the circle. Then the ¢elescope is reversed, the alidade 
turned 180° in azimuth, and another pointing and reading 
made upon the various signals in order. The number of the 
various positions depends upon (1) the accuracy of the gradu- 
ation, and (2) upon the degree of refinement desired. For 
geodetic work of a high order from twenty-four to thirty 
positions or series should be observed. For primary triangu- 


586 MEASUREMENT Of ANGLES. 


lation of a sufficiently high order for map-making purposes, 
however, six to eight positions are sufficient. 

Angles may be read with a direction instrument by two 
general methods, namely: 

1. Method of independent measures; and 

2. Method of measurement by series. 

The best results are obtained by measuring the angles 
separately and independently. Thus if the signals in sight 
around the horizon are in order x, 0, p, etc. (Fig. 175), the 
angles 2 to 0, o to g, etc., are by this method observed 
separately, and whenever there is sufficient time at the 
disposal of the observer this method should be followed. 

In order to secure the elimination of the errors of obser- 
vation (Arts. 250 and 251) the following programmes should 
be strictly adhered to. 

When direction instruments are used the following is the 
programme for independent measurement of angles: 

Pointing on z and readings of both micrometers. 

6 Cae nares & Coe « 

Transit telescope and turn alidade 180°. 

Pointing on o and readings of both micrometers. 


66 e¢ N oe c¢ cs oe ce 

180° 

Shift circles 

2 SEH 
sets of measures have been obtained. 

Then measure the angles o to /, f tog, etc., including the 
angle necessary to close the horizon, in the same manner. A 
form for record and computation of the results is 
Article 253. 

When repeating instruments are used the same programme 


and proceed as before until V such 


given in 
P 


will be followed, except that there should be five pointings 
instead of one each on z and 0, the circle being read for the 
first pointing on z and the fifth on 0, and again n for the sixth 
pointing on o and the tenth on x. 

The importance of having the measures of a set follow in 
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quick succession must be constantly borne in mind. Under 
ordinarily favorable conditions an observer can make a point- 
ing and read the microscopes once a minute, and a set of five 
repetitions should be made in five minutes or less. , 

When several stations or signals are visible and a airection 
instrument is used, time may be saved without material loss 
of precision in the angles by observing on all the signals suc- 
cessively according to the following programme for measure- 
ment by series, the signals being supposed in the order x, 0, fp, 
etc7,-as above: 

Pointing on z with micrometer readings. 


66 66 ms “se 66 
oO 


oe ee 72 ce ce oe 
set wees 


Pointing on z with micrometer readings. 
Transit telescope and turn alidade 180°. 
Pointing on z with micrometer readings. 


ce ce oe 


ae oe oe 
ee ee eee ee} 


Pointing on z with micrometer readings. 


180° 
INV 
sets have been obtained. 
The angles z to 0, o to f, etc., read in this way may be 
computed as in the first method, always combining the meas- 
ure z to o with the immediately succeeding measure o to ” to 
eliminate twist. There is a theoretical objection to this 
process of deriving the angles founded on the fact that they 
are not independent, but in secondary work this objection 


Shift circle by and proceed as before until VV such 


may be ignored as of little weight. 

In observing horizontal angles the xumber of sets of meas- 
ures of any angle is dependent upon the character of instru- 
ment and the precision desired. For the primary triangula- 
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tion of the U. S. Geological Survey with 8-inch direction 
theodolite read by micrometer microscopes, four sets of 
‘measures on as many different parts of the circle will be 
required. For repeating theodolites six sets of measures 
will be required, all made according to the programmes given 
above. Only under specially unfavorable conditions will 
it be necessary to increase the number of sets of measures. 
Care should always be taken to shift the circle so as to elimi- 
nate periodic errors. 

When there is ample time at the disposal of the observer, 
or need for additional measures, the work may be strength. 
ened by measuring sum-angles. This is done in such manner 
as to introduce additional conditions which will thus strengthen 
the least-square adjustment. Thus, after reading the separate 
angles z to 0, 0 to g, p to gq, etc., the intermediate pointings 
may be skipped by reading from z to f, p to r, etc., and the 
conditions are introduced that x to o-+0 to p= x to f, 
andotop+ ptog=otog. | 

The practice of starting the measurement of an angle or 
series of angles with the microscopes reading 0° and 180°, go° 
and 270°, etc., must be avoided; otherwise the errors of these 
particular divisions will affect many angles. In shifting the 
circle it is neither necessary nor desirable to have the new 
ex 
are A 
difference of half a degree either way is unimportant as re- 
spects periodic errors, and it is advantageous to have the 


als : : I 
position differ from the preceding one by exactly 


minutes and seconds differ for the different settings. 

253. Record of Triangulation Observations.—In record- 
ing the angles read at any primary station with the theodolite, 
the first page of the notes should give a concise description 
of the station, how it is reached, character of station-mark, 
description of witness-points, and a topographic sketch of 
station and surroundings. There should also be, in case of 
the necessity of reduction to center (Art. 267), (1) a diagram 
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showing the relation of the signal to the position of the 
instrument, (2) the distance between the two, and (3) the 
angle read at the instrument position between one or more 
of the observed stations and the signal, that full data for 
reduction may be available. (Fig. 174.) Another diagram 
should show the directions to the various stations observed, 
and the arrangement or groupings of the angles. (Fig. 175.) 
The date and time of observation should be noted at inter- 
vals, to show that the instrument has not stood too long 
between pointings. 

The following is an example of the record made of point- 
ings from the triangulation station ‘‘ Township’’ occupied in 
Kansas by the U. S. Geological Survey in 1889. This is the 
record of one pair of pointings only, that determining the 
angle observed between the stations Newt and Walton. 


RECORD OF MEASUREMENT OF HORIZONTAL ANGLE. 
H. L. Batpwin, Observer. 


(Station: Township corner, Kansas, July 1, 1889. Fauth 8-inch theodolite No. 362; one divi- 
sion of micrometer head = 2 seconds.) 


[ 1 
Station. Micr. A. Micr. B. Mean Reading. Angle. Mean. 
Telescope direct. 
m Dre. OnE STEN J es tt pee u " 

Walton, = cise 4 O3-4%2.. Ei. 3 273 12 09.9 03 32 25.2 36 «29, 0369 

INE Wit iitoctee ves = >= 129 4t 11.9 | 309 41 13.2 129 4I 25.1 05.9 
ING Wit sielescrena yn 129, 4 E506") 309 4r 2.x 129 41 27.7 08.0 

Waltons Jocmtees +cat 93 12° 50,6 273 12 09.1 O83, (12) 19.7 

Telescope reversed. 

Walton seve, .is sires 138 27 03.2] 318 26 28.0 138 27 of.2 

WVEWEE IS Perla’ nee | 174 56 02.8 954. 55 28:9 174 56 O87 00.5 
INGWihen eoseeccnt) 74 5G 06.2 | “364 65. 20.5 174 56 05.7 or.8 
WaltOtlisng aaa oes as 138 27 (05.2 318 26 27.4 138 27 02.6 for ae 

| Telescope reversed. 

Walton 183 07 03.0 3 06 27.2 183 07 00.2 

Newt 219 36 05.0 39 35 29-8 | 219 36 04.8 04.6 

Newt . 219 36 08.1 39 35) 29.5) 219° 36 ‘076 03-9 
Walton 183 07 06.4 3 06 28.1 183 07 04.5 03.1 

Telescope direct. 

Wralton,...0s. eacst 228 24 281 48 34 22.6 228 24 50.7 

INGW basis oc cvcaneiure 264 53 274 84 53 26.2 264 53 53°5 02.8 
Newt... 100086 sie) [264° 54" (ODsT 84 53 26.0 | 264 53 57.2 04-3 
Wallin sam sce lect 228 24 29.3 48) 24 225% 228 24 5.4 05.8 

| | 
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254. Instructions for Field-work of Primary Triangu- 
lation—The following instructions are those governing the 
field-work of primary triangulation in the U. S. Geological 
Survey. 

1. Signals should be of sawed lumber whenever it can be 
obtained, and great care must be taken to secure perfect 
centering of instrument and target over station-mark. 

2. All stations should be selected with a view to their 
adaptability to topographic expansion, and when the exact 
location of a station is decided upon one of the standard iron 
posts, copper plugs, or bronze tablets must be set as a per- 
manent mark. In light soil a bottle or similar object must 
be left as a subsurface mark. These marks should be at 
exact center of station, and in addition there should be left 
one or more reference marks. At base-line stations there 
should be left at least two reference marks, 

3. Whenever practicable, set the theodolite over center 
of station while reading angles, to obviate reduction to 
center. 

4. The theodolite when in use must be sheltered from the 
sun and wind. When setting the thecdolite tripod, leave 
the tripod-head thumb-screws loose until the legs are firmly 
placed. 

5. Never, under any circumstances, attempt to place the 
circle so that when pointing at any particular station the 
micrometers will be set to even degrees. 

6. Use book No. 9-912 for all field records, and do not 
crowd notes. Have notes plainly written with No. 4 pencil 
or with ink, and never erase, but draw a single line through 
erroneous records. 

7. On page immediately preceding record of angles, write 
a minute and complete description of the station occupied, 
giving nearest trails or roads, camping-places, station-marks, 
etc., as well as ownership of land when possible. Write this 
description before leaving the station. In addition plat a 
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rough diagram of pointings, showing also plan of eccentric 
location of instrument, if there be such. 

8. Before observations are commenced at a station, test 
_ all adjustments of theodolite, and correct such as are found in 
error, paying special attention to micrometers to avoid the 
errors of run. 

g. For micrometer theodolites, angles must be measured 
either by the method of circle readings (directions) or by single 
angles, and in either case each set of angles must be kept on 
a single page of note-book. If the method of directions be 
adopted, each complete set must consist of pointings with 
telescope direct, and reverse pointings with telescope inverted, 
always closing horizon. 

10. No angle should be considered finally determined that 
has not been measured on at least four different parts of the 
circle. 

. The error of closure of any triangle in pong oks schemes 
een not exceed 5” 

12. Opposite oh angle recorded give any necessary 
information in regard to visibility of signals or atmospheric 
conditions. 

13. Do not trust to memory for notes. Make all notes as 
complete as though it were expected another person would 
compute them. 

14. Magnetic declination must be determined at each 
azimuth station and at each county seat. 

15. Observations for azimuth on Polaris before and after 
elongation must be made on two nights from at least onc 
station in each square degree, to consist of not less than 6 
angles between mark and star with telescope direct and 
reversed. See Monograph above referred to for form of 
record. Great care must be taken in adjusting and leveling 
the horizontal axis of theodolite. Watch error must be deter- 
mined by telegraphic comparison of time or by astronomic 
observations. 
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16. Two marks of dressed stone or masonry, about 500 
feet apart on a true north-and-south line, must be established 
at each county seat, the center of each to be the cross-mark 
on one of the standard bronze tablets. 

17. Angles at each station must be reduced to center of 
permanent mark in order to test triangle closures. Arbitrary 
adjustments and preliminary computations should be made in 
the field. All computations except distances and coordinates 
must be in book No. 9-889. 

18. Keep a careful plot of the work on a scale of 10 miles 
to an inch, and each month send a copy with monthly report, 
indicating angles measured by the usual signs. 

1g. On fly-leaf of each note-book write an index of con- 
tents of book, and state make and number of theodolite used. 

20. The observer should always endeavor to locate promi- 
nent points that may be of use to the topographer, or that 
may be used for future stations. 

21. Especial attention must be paid to the location of 
county court-houses, section and county corners, and State- 
line marks. 

22. Useful locations can often be made by the ‘‘three- 
point method,” the theodolite being set up for the purpose 
while going to or from stations. 

23. Keep in view the fact that station names are to be 
published, and select such as have local significance. 

255. Primary Triangulation—Cost, Speed, and Accu- 
racy.—Triangulation of the highest geodetic precision, as 
executed by the U. S. Coast and Geodetic Survey, costs at 
the average rate of $1500 per station occupied and from $10 
to $30 per square mile, according to the character of the 
topography; the daily cost of a party of from five to fifteen 
individuals averaging $65. The speed of the work, or, in 
other words, the length of time which is required to occupy a 
station, is indicated by the rate of ?# station per month. In 
this work the average closure error of a triangle is 0’’.7, the 
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probable error of an extended triangulation being 55,\a,- 
Or, stated otherwise, a line 10 miles in length would have a 
probable error of 0.35 ft. 

In the primary triangulation executed by the U. S. Geo- 
logical Survey, not for geodetic purposes, but with sufficient 
accuracy to safely control topographic maps, the average cost 
per station is $170, and the cost per square mile controlled 
about go cents. The cost per day for working-parties of 
from two to five members has averaged $18. The speed has 
been at the rate of six stations per month. The accuracy 
is shown by closure errors averaging 3.0. The probable 
error of this triangulation has averaged ,,4,,, which may be 
otherwise expressed as 1.32 feet in a line 10 miles in length. 
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256. Trigonometric Functions.—Let a = angle GAB 
= arc GBA, and let radius dB = AG = 1; then 


sin ei Cb: 
cos @== AC; 
(tain G7 == ING 
COLAO =) 2 
SCCiO ail, 


coseca = AZ; 
versin a = BF; 


he, cee coversin a = AJ: 
IG. 168. —T RIGONOMETRIC 
FUNCTIONS. chord a = GB. 


257. Fundamental Formulas for Trigonometric Func- 
tions.—The fundamental formulas are: 


sin’ a+ cos’ a=T; tan acota=1; 
(OS: 02 GAC == iis sin a@ cosec a =1; 
sin @ cos @ 
tana= 2 cot a= -—: 
cos @ sin @’ 
fettan’ a= Sea sect I+ cot? a=- - = cosec* 
cos’ a : Dinas oe ee 
versed sin w= I — cos @. 


258. Formulas for Solution of Right-angled Tri- 
angles.—In the right-angled triangle, Fig. 168, 
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Let a= ‘altitude, 
& =-base, ‘and 
¢ = hypothenuse; and let 
a, 6,and y =the angles opposite a, 6, and , respectively ; 
also let 
A =area of triangle, and 
A = radius of circumscribed circle. 


For a right-angled triangle y = 90°; the fundamental 
values of a, 6, and A are then 
ae sina —=¢ COs ps— 0 tan w= 0 Cotan, fp: 
f= esi Pc Cosme — a tan 6 = @ cotan.ay and 
A = 4ab = 3c’ cotana=40' tan w = te’ sin 2a. 


Fig. 169 furnishes a method of graphically stating the 
formulas relating to the solution of right-angled triangles. 


a 
:: 
GENT Ne 
a COSINE 
1 


a 


ry 


Fic. 169.—GRAPHIC STATEMENT OF FORMULAS FOR SOLUTION OF 
RIGHT-ANGLED TRIANGLES. 

Let P = perpendicular in a right-angled triangle, the 
angle between the base of which, 4, and the hypothenuse, //, 
is denoted by a. 

Then the diagram is applied by the use of the following 
rules, the order of sequence being to follow either the names 


590 SOLUTION OF TRIANGLES. 


written around the circumference of the circle or by following 
the names along the intersecting lines in the order written, 
thus: 

1. Any trigonometric function or part equals the adjacent 
part divided by the following part. Example: 


? cosa. 
SIN j= ; 
cot a 
: a 
also, Sie 
GC 
F 
and = E 
cos @ 


2. Any part equals the product of the adjacent parts. 
Example: 


@=csinwu=Zétana; cosin a =sin a cotan a. 


3. Each part equals the reciprocal of the opposite part, 


Example: | 
I 


tae sec @ = ———., 
cosin @ 


cotan a’ 
4. The product of opposite parts equals 1. Example: 


tail ascotanm, a= 17 


259. Solution of Plane Triangles.—In the solution of 
geodetic triangulation there arise a few simple problems 
which involve the solution of triangles in accordance with 
the principles of trigonometry. These occur when one or 
more angles or sides have been measured in the field and the 
dimensions of the remaining parts are desired. In the fol- 
lowing articles are illustrated by practical examples those 
problems most likely to arise in actual practice. 

Table XXXIII, from Smithsonian Tables, gives all the 
more important formulas for finding unknown parts of a 
triangle with three parts given. 
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DAB RE NOX | Te 


SOLUTION OF OBLIQUE PLANE TRIANGLES. 


Given. Sought. Formula, 


a, BiG a stad ee s=}e+6+0), 


. 5(s — @) 
cosia@ = jee 


/(s = os = 6) 


tanga = 4/ nee) 
A A =V5(s — als — 4)(s — 0). 


| > 

sin 6 = bsin @/a, 

Whena> 4, 6 < go’ and but one value results. When 
6> a, f has two values. 

¥ | ¥. = 180° — (a+ £). 

a ¢=asin y/sin a, 

A | dA=teb sin y- 


CB LT p 


Oe éb | 6=asin f/sin a. 
Yee hey 180" — (a=- f). 
c | c=asin y/sin & = a sin (a + £)/sin a. 
A A = jab sin y = $a’? sin 6 sin y/sin a, 
| 
sin 
a,b,y a fang ce. ot SR 


6—acosy 
a, 8B | («+ B) = 90° — by, 


a—b 
tan (a _- fp) = Pag ee Ly. 


c c= (a? — b? — 2a6 cos vy), 

a {(a + 6)? — gad cos? hy} 4, 

= |(a@ — 6)? + qaé sin? ty |}, 

| = (a —4)/cos d, where tan @ = 2 Vab sin Ly /(a — 5), 
=asiny/sin a 

A A=thabsiny. 
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260. Given Two Sides and Included Angle, to Solve the 
Triangle. 
c 


tan a’ = log (<) (less from greater). . . (52) 

tan (a’ — 45°) = tan 6 (less from greater). (53 

tan a X tan#(a-+ f) =tandz(a— ff). . (54) 

Ma + fp) +i(a- p)=a ~ . (55) 

Fic. 170. 3(a + £) — 4(a — fp) = f. ay Ae eS 0) 


Knowing a and #, compute remaining parts. _ 

Check is that the sum of the angles ora + 6 + y = 180°. 
For convenience always call greater side a; then as greater 
side is always opposite greater angle, @ is opposite a. 

EXAMPLE. 


Let log a = 4.1361976 d log tan 6 = 8.6226496 
log 6 = 4.1726495 tan $(a-+ (8) = 0.3144757 
tan a = 0.0364519 tan }(a— fB) = 8.9371253 

a!’ = 47° 24° 06.1 3(a@— P)= 4° 56’ 42'.06 

45 4(a-+ £8) = 64° 08’ 16.35 

5 = 2° 24’ o6!.1 — 3(@— B) = 4° 56’ 42”.06 

180° f= 59° 11' 34.29 

Let y= 51° 43° 27'.3 Check. 

2) T2SutOmes2 7 00 SOA" 5S c0T 
H(a+ 8)= 64° 08’ 16.35 B= 59° 11’ 34”.29 
+i(a— p)= 4.156 42/06 Va Si WAS 92730 
Qi) 00) OFS 8 nat 180° 00’ 00.00 


261. Given Certain Functions of a Triangle, to Find 
Remainder. 
The sides of a triangle are proportional to the sines of 
their opposite angles, hence 
b sina 


sin B = —~—. ig 3 Opes a Le 


iMKeL. Saya, 
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EXAMPLES —-lcétti2 ="12'92 miles; 153) tty "ine: 
G— 120s ele ete 
Almost all field measures made in the United States are in 
miles, feet, etc., while all geodetic tables are prepared on the 
metric system; hence the former must be reduced to the latter 
for computation. Reducing miles and feet to the same unit, 
meters, and finding the corresponding logarithms, we have 
log a = 4.31790 
ao Ge, LO a == 15.082 16 
1G OL 67035 
log sin a == 9.87796 
log sin 6 = 7.23041 
f= 00, ,03',507.62 
262. Given Three Sides of a Triangle, to Find the 
Angles. 
$= one-halfe thessum, of the three’ ‘sides, For scon- 


s—a\s— bs —c 
venience designate /' M - Xs ) by A then 


S 
t Dips a me - 8 
SNe baal eg cAcars 6 eee Et A (58) 
H 
tan $6 =p 2 2 es (59) 
Ig 
and tates == = ; 
. s—e¢ 
EXAMPLE. c= 4.1908 
b = 40.8954 
f= 744-7500 
25 = oorOnlo 
6 = AA Aet4 logisi=11.64,75022 
S—a= 0.6648 log = 9.8226910 
iS —S7p 1375020 et 0. 5472025 
S— ¢= 40.2306 int OOAS S64 
Sum of logs + 1.9745297 
log s = — 1.6475922 
H* = 0.3269375 
H= 0.1634688 Fic 
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0.1634688 = 
9.8226910 = log s — a 
0.3407778 = log tan 4a da = 65° 287 27's)“, @ == 1908054 
0.1634688 (#7) log 
-5472823 (s — 4) log 
9.6161865 = log tan 3 $B = 22°0057/ 0065.00 Aaa BAe log 
©.1634688 = log 
1.6045564 = log s — c¢ 
8.5589124 = log tan 1y By ete gt ag? a yg SA eae, 
Check 180° 00’ 00” 


" 


263. Three-point Problem.—The object sought in the 
solution of this problem is the determi- 
nation of the unknown position of an 
occupied station ?, when the positions 
of three other stations, A, B, and C, are 
known. (See Graphic Solution, Art. 
75-) 

The problem is indeterminate when 
PAs. om the circumference ofsa -circie 
passing through 4, B, and C. This is 
known by the sum of the angles p+ 
pf +c, being equal to 180°, and also 
Bee Ture porn uh the radius of the circumference pass- 


PROBLEM. ing PAC, being equal to that for PAC. 


for Men SCA 
cote scot R=(-2 582 4 1), Sie OT) 


in which 
1. R= 360°—p—p —c or R=x—yorR—-—+z=y. 


If p+ p’ = or nearly, the solution is impossible. 


asin p’ é ‘ 
2. log Fates Oe log of a number taking the sign of 
cos R. 
3. Add algebraically + 1 to the above number. 


4. Take out the log of this number, annexing the proper 
sign, 
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5. Then add this log to log cot R, remembering that this is 
in effect multiplying one by the other, and the rule of 
the signs must be attended to; this gives the log of the 
cot of a. “Then RK —# = y. 

6. If R < go°, cos Ris + and cot Ris +. 

‘“« R < 270° and & > 180°, cos & is —, cot Ris +. 

Pri LOOoanG Kk 2 60... COS 15 ==, COL is —. 

‘« R < 360° and R > 270°, cos K& is +, cot Ris —. 
. f' is at opposite side of quadrilateral to a, and 7 to 6. 


oo Sy 


The angle c is always the interior angle of the quadri- 
lateral PBCA, and C is the middle point as seen from P. 


EXAMPLE.—The following quantities are known from observation or 
computation, since the positions of B, C, and 4 are known, namely: 


a = 6672.47 ft.; (pe 205105, 53 
p' = 35° 06' 08"; Gi=a1527 23 221. 
Gi —VT24BE-00' TE. 
Then 
R = 152° 24’ 37” = 360° —p —p’—e. 
log a = 3.8242868 
sin p’ = 9.7596958 
a.c. log 6 = 5.9037277 
a.c. Sin fg = 0.4639117 
a.c, cos 7 = 0.0524258, — 


{cos & gives sign) 0.0040478 — = the number — 1.009364 
a sin 7’ + 1.000000 R= 152° 24’ 37” 
ae et I errs Ss i ° , ” 
é6sinpcos & — 0.009364 x = 88° 58' 24° 
y — 63° 26 rf 
number — 0.009364 = log — 7.9714614 
he = eed 97 COU — 0,2818637 


x = 88° 58’ 24” = cot x = + 8.2533261 


GEUAL DE Ra eV LLL 
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264. Method of Least Squares.— By the method of least 
sguares is understood a process by which observations are 
adjusted and compared. When several precise measurements 
have been made of a given quantity, no matter how similar 
the conditions may appear, the results do not agree and it 
becomes necessary to adjust the various measures or observa- 
tions in order to get a mean or apparent agreement. The 
result is not necessarily the true value, but is used and 
accepted as such since it is a mean derived from the combina- 
tion and adjustment of all the measures taken which are most 
probably and apparently correct. 

Errors of observation are of two kinds, (1) systematic and 
(2) accidental; the former, resulting from unknown causes, 
affect all observations alike, while accidental errors are of a 
kind which produce discrepancies between observations: and 
it is this kind of errors alone, and not the systematic errors. 
which are considered in the so-called ‘‘ theory of errors”’ and 
which it is the object of adjustment to minimize. The error 

;of observation is truly the difference between the observed 
and true value, and may be plus or minus according as it 
exceeds or is less than the true value. The object of the 
theory of errors is to obtain from a number of discordant 
observations the best obtainable result. The fundamental 
principle of the method of least squares is the rule of Legendre, 
that, 77 observations of equal precision the most probable values 
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of observed quantities are those that render the sum of the 
squares of the residual errors a mininum. 

The probable value of an observed quantity is that which 
we are justified in considering as the more likely to be the true 
value than any other. As stated by Prof. Mansfield Merriman, 
the probability is expressed by an abstract fraction, which 
measures numerically the degree or likelihocd in the happening 
or failing of an event; as confidence may range from improb- 
ability to certainty, so this measure may range from zero to one. 
If the figure 6, for example, occurs once on a die of six faces, 
the probability of its turning up when thrown is 1; likewise, if 
the same figure occurs on each face, the probability of its turning 
up when the die is thrown is 8, or unity, which is certainty. 

When a xumber of unknown quantities are to be determined 
by means of equations involving unknown quantities, the 
quantities sought are said to be zudirectly observed. It is 
necessary to have as many such indirectly observed equations 
as there are unknown quantities, and the discovery of these 
unknown quantities by solution of equations is the method of 
least squares. The differences between the several observed 
values and that which is taken as the true value of an obser- 
vation are called the residuals, and these are the apparent 
errors of observation. When observations are not made 
under the same conditions and the computer is aware of 
reasons which prevent them being equally good, a greater 
relative importance may be given to better observations by 
treating them as equivalent to more than one occurrence of 
the same value in a set of equal observations; in other words, 
they may be weighted. Weights (Art. 284) may therefore be 
regarded as numerical measures of the influence of the ob- 
servation upon the arithmetical mean. 

In observing a series of angles, the angles read at station 
Walton, between points 7 and o=a, o and p= 4, p andg =c¢, 
and g and r = 4d (Fig. 175, p. 613) are rendered functions of 
an adjustment equation. . If combinations of these angles are 
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observed, as the angles between » and p= g, and between 
o and g = 7, and between ~ and g = g-+, then the means of 
the various angles separately measured between xz and 0 = a, 
and o and fp = J, should be equal to the mean of the angle 
read between z and p= g. Similarly with the others, and by 
thus observing all of the separate and many of the combined 
angles it becomes possible to arrange a number of eguatzons 
of condition, as they are called. In these, however, the mean 
observed angles never exactly sum up as they should theoreti- 
cally, and the differences are called the veszduals. 

265. Rejection of Doubtful Observations. —When theod- 
olites or other angle-measuring instruments are used, there 
occur among a number of observations for the value of a par- 
ticular angle, one or more which differ greatly from the mean 
of all. It is not advisable to depend entirely on judgment as 
to which of these observations shall be retained and which 
rejected. The least objectionable criterion by which to judge 
as to the rejection of doubtful observations, and one based 
on mathematical principles, has been stated by Mr. T. A. 
Wright thus: 

Where an observation differs from the general run of the 
series by more than five times the probable error or three times 
the mean square error, attention should be called to tt. 

An excellent fixed rule for the rejection of doubtful obser- 
vations is Pezrce’s Criterion, which is applied in the following 
manner: 

Let #2 = number of measures; 

mn = number of doubtful observations to be rejected 
.(to be found by trial) ; 

é = mean error of one observation in the set of wz; 

v, uv’, etc. = residuals of the observations or the difference of 
. each value from the mean; and 

4 = ratio of required limit of error for the rejection 
of 2 observations, to the mean error ¢; so that 
xe is the limiting error. 
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a he valliemotes  10fta# = 71,9 2, etc., and for vatious 
values of m is found from Table XXXIV. All observations 
in which re > wv are to be rejected, stopping when +e for any 
value of 2 does not reject any observation for a value of x 
numerically one less. 


EXAMPLE. 
No. Observed Angles. v 72 
I Sa OOM Ly nO 10 arn -O fe) 
2 34-1 09),.22'50 51.0 25.0 
3 34" 00) .20..0 31.0 go 
4 SACOG" 10025 o'.5 0.3 
5 Bi POG ety 6.0L OO 0.0 
6 34° 09/ 09'.5 5 56.2 
Miean== e341 O9rti7 20 0 | 085 


In the above column wv contains the differences between . 
consecutive observations, and the sum of the squares of the 
differences = 2v* = 90.5. This number divided by the 
number of observations less 1, or 


aU ee 10085 
Hee a 6 


SS Tiogale 


gives a quotient which, multiplied by the number from the 
table of constants for six observations (Table XXXIV), gives 
2.502 % 19-1.=— 46.9, _ Sifould” any number tin columhy 7 
exceed this product, the observation from which it is found 
must be rejected. This rule requires the rejection of observed 
angle No. 6 and no other, and a new mean must now be 
found for the remaining angles, giving 34° 09’ 18.5. Peirce’s 
Criterion is also employed in determining the probable error 
and in rejecting doubtful observations in astronomic work. 
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TABLE: XXXIV. 


. PEIRCE’S. CRITERION. 
Values of x? for 72 = 1. 


m ] 
1 2 3 4 5 6 
i Si ee SS 5 eS ee ees 

3 1.480 

4G r.gt2! | 1.163 

On 25278 |) 1.439 

G 2.592 | 2.687 1.208 

7 | 2.866 | xz.910 1.409 1.045 

$7] 3.109 2.112 1.589 1.229 

9 3-327 2.205 r-753) 1.388 1.09 
10 2.52 2.404 1.904 1.531 1.242 
11 3-707 2.621 2.045 1.662 Teepe) 1.122 
12 3.875 2.766 2.176 1.785 1.492 1.249 

13 4.029 2 go2 2.299 1.gor 1.604 1,362 

f 14 4-173 | 3-032 2.416 2.099 1.709 1.465 1.255 1.053 
15 4300 Bast 2.526 2.TIi 1,807 1.560 1.354 1.163 
16 | 4.436 3-264 2.6039 2.207 1.898 1.651 1.445 1.259 1.080 
17 CUR) MORSYA 2.729 2.300 1.985 1.736 1.529 1.347 1.176 
18 4.668 3-475 2.324 2.389 2.069 1.817 1.609 1.428 1.261 
19 4-776 3-571 2.914 2ATd 2.159 1.895 1.685 1.504 1.341 
20 4-878 | 3-664 3.001 2.550 2.227 1.970 1.757 1.576 1.415 
21 | 4.975 3-755 3-084 2.634 2.301 2.041 1.827 1.644 1.483 
22 5.068 3.840 3.164 2.709 2.373 2.109 1.893 1.710 1.549 
23 5.157 3-923 3-240 2.782 2.442 2.176 1.957 1.773 1.612 
24 5-242 4.002 SSE, 2.852 2.509 2.240 2.019 1.833 1.671 
25 5.324 | 4.078 3-387 2.920 2.573 2.302 2.079 1.892 1.729 
26 5-403 | 4-151 3-456 2.986 2.636 2.362 2.137 1.948 1.784 
a7 5.479) |) 4.222 3.523 3.049 2.697 2.420 2.194 2.003 1.838 
ws 5.52 4.291 3.588 Z.1lk 2.750 2.477 2.249 2.056 1.891 
29 5.622 | 4.358 3.651 3.171 2.813 2.532 2.3¢2 2.108 1.941 
30 5.690 | 4.422 ene 3.229 2.869 2.586 2.354 2.158 1.990 
34 | 5.756 4.484 30772 3.285 2.923 2.638 2.404 2.207 2.038 
32 5 820 | 4-545 3-829 3-340 2.976 2.689 2.454 2.255 2.085 
3 | 5.882 | 4.604 3-884 3-304 3.028 2.738 2.502 2.302 2.130 
34 | 5.942 | 4 661 3-939 3.440 3.078 2.787 2.549 2.347 2.175 
$5 | 6.001 | 4.717 3-992 3-497 3-12 2.834 2.594 2.392 2.218 
36 | 6.058 | 4-772 4.044 3-547 3-174 2.380 2.639 2.436 2.261 
37 6.113 | 4.823 4.095 3-595 3.221 2.926 2.683 2.478 2.302 
38 | 6.167 4-874 4-144 3-643 3-267 2.970 2.726 2.520 2.343 
39 6.279 | 4.925 4.192 3-689 3.312 3.013 2.768 2.561 2.383 
40 6.270 | 4-974 4-239 3-734 3-356 3-055 2.809 2.601 2.422 
Ate 6.320 5.022 4.285 3°779 3.398 3-007 2.849 2.640 2.460 
42 6.369 5.069 4.331 3-822 3+440 3-138 2.888 2.678 2.497 
43.) 6.416 | 5-114 4.375 3.865 3.486 3.178 2.927 2.716 2-534 
44 6.463 5.159 4.418 3-906 3.521 3.217 2.965 2.753 2.570 
45 6.508 5.202 4.460 3-947 3-561 3.255 3.0c2 2.789 2.606 
46 6.552 5 +245 4.501 3-987 3 600 3-293 3-039 2.825 2.641 
47 6.596 5.287 4.542 4.026 3.638 3-330 3.075 2.860 2.675 
48 6.639 5-328 4.581 4.065 3-675 3-366 3.110 2.894 2.708 
49 6.68 5-368 || 4.620 4.103 3-712 3-401 3-145 2.928 2.741 
50 6.720) | 5 +408 4.657 4-140 3-748 3-436 3-179 2.962 2.774 
ol 6.76t 5-447 4.695 4.176 3.784 3.471 3-213 2.904 2.806 
52 6.800 5.484 4-732 4 212 3-819 | 3.505 3-246 3.027 2.838 
: 38 6.838 5.522 4.768 4-247 3-855 3-538 3-279 3.059 2 869 

54 6.876 | 5.559 4.804 4-282 3.887 3-571 3-311 3.090 2.899 
a) 6.913 | 5+595 4-839 4 316 3-920 3-603 3-342 3.121 2.829 
56 6.950 5.630 4 873 4+349 3-952 3-635 3-373 3+U5z 2.959 
57 6.986 5.065 4.907 4.382 3.984 | 3-666 3-404 3.181 2.988 
58 7-021 5-699 4694t 40405 4.016 | 3.697 3-434 3-210 3.017 
59 7.050 5+733 4-974 4°447 4-047 | 3.728 3.463 3.230 3.046 
60 7.990 5-706 5-006 | 4.478 4-078 | 3.758 3-492 3-208 3-074 
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266. Probable Error of Arithmetic Mean.—It is some- 
times desirable to determine the relative precision of different 
series of observations or their probable error. The probable 
error of the arithmetic mean of a number of measures is given 
by the formula 

R —a te ———. Wo 
Vm(m — 1) So Rege: Samar 
in which & = probable error of arithmetic mean; 
0.6745 =a constant given by theory; 
2 =a symbol denoting ‘‘ the sum of.” 


The probable error of a single observation in the series is 


given by the formula 
aU" 
r= 0.67454/ 22, ve ha ly ja ieee a 


EXAMPLE.—The application of the foregoing formula is 
illustrated in the following tabular form: 


eee | Reduced Intervals. v 
2 40° 35’ 327.5 + 6.423 
3 31 .6 —+- 5 -523 
4 26 .2 +0 .123 
5 FAX {0 — I .077 
6 25 .O — I .077 
7 27 .5 + I .423 
§ 25 eid + 2 .023 
9 18 .8 — 7 .277 
10 20 .O — 6 .077 


Zv? = 169.948 


Sum = 234”.7 Ba ilolsyoyy a 
ee a 8 es 


” 


1243 


Mean = 26.077 


0.6745 se 
Li pg sy 7) OAT 
V n(n — 1) or eae 
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6745 ie, 0.6745 


Sea aia Vin(m — 1) Vm —1 


are tabulated be- 


low. 


AWUBICIS BOLO, 


FACTORS FOR COMPUTING PROBABLE ERROR BY BESSEL’S 


FORMULAS. 
Single Set of 
Observations.| Observations. 
0.6745 __.0:6745 
4 Vm —1 Vint — 1) 
2 .6749 -4769 
3 -4769 -2754 
4 - 3894 - 1947 
5 $372 -1508 
6 J3010m) | aI2SE 
7 - 2754 - 1041 
8 -2549 - OQOI 
9 - 2385 +0705 
10 - 2248 -O7I1 
II - 2133 | - 0643 
12 . 2034 .0587 
13 - 1947 +0540 
14 -1871 -0500 
15 . 1803 -0465 
16 -1742 +0435 
17 . 1686 -0409 
18 - 1636 -0386 
be) - 1590 - 0365 
20 -1547 -0346 | 


267. Reduction to Center.—The first operation in the 
computation of a system of triangulation is that of reducing 
to the center of the station such observations as were taken 
with the instrument not centered over it. The mode of mak- 
ing such reduction is best illustrated by the following example 
taken from the triangulation of the U. S. Geological Survey 
in Kansas, in which the position of the instrument on the 
station Walton was eccentric to the station. 
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In Fig. 174 let 

P = place of instrument; 

C = center of station; 

O = angle at P between two ob- 
jects; 4 and 2; 

y = angle at P between C and 
the /eff-hand object, B; 

7 ——waistance Cr. 

C = unknown and required angle 


aa 
D = distance AC; 
G = distance BC; and Fic. 174.—REDUCTION TO CENTER 


A = angleat A between Pand C. 
Then, from the relation between the parts of the triangle, 


eer pace c.CllL oly 2 eve eae. OA) 
hence . 


t ry sin y 
sin B = —p Tor er te re eee LG 


As the angles at A and & are very small, they may be re- 
garded as equal to A sin 1” and ZB sin 1’; hence 


vy sin y 


B = (in seconds) i ae (66) 
and 
te ae pss 
eens ee yee LO 
ee ae fel) sin, is" G sin 1” (67) 


In the use of this formula proper attention should be paid 
to the signs of sin (O + y) and sin y; for the first term will 
be positive when (O + y) is less than 180° (the reverse with 
sin y); D being the distance of the vzght-hand object, the 
graduation of the instrument running from left to right. 

r being relatively very small, the lengths of D and G are 
approximately computed with the angle O. 

The following quantities must be known in addition to the 
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measured angles in order to find the correction for reducing 
TORCEMUEC In. 

1. The angle measured at the instrument, P, between the 
center of the signal or station, C, and the first observed station 
to the left of it, B. 

2. The distance from the center of the instrument to the 
center of the station = r. 

3. The approximate distances, D, G, etc., from the sta- 
tion occupied to the stations observed. The latter may be 
computed from the uncorrected angles. 

The practical mode of determining the correction to each 
angle read at the instrument on Walton to a corresponding 
angle at the center of the signal or station (Fig. 175) is illus- 
strated as follows: 

EXAMPLE.—REDUCTION TO CENTER OF STATION AT WALTON A\. 


(See explanation: Appendix No.9, page 167, U. S. Coast and Geodetic 
Survey report for 1882.) 
Distance, inst. to center = 0’.48 log = 9.6812; 
log feet to meters = 0.5160; 
Distance, inst. to center log meters = 9.1652 = logy. 


Direction. 


fogasinea me leita keer 9.0859 | 9.9806 | 9.9849 | 8.9403 | 9.9994 | 9.9080 
asc. lop distance... 5.9321 | 5.9182 | 6.4228 | 6.2434 | 6.0079 | 6.2514 
1OG 7 vores eee cece eee e eee 9.1652 | 9.1652 | 9.1652 | 9.1652 | 9.1652 | 9.1652 
ACA LOGUSIN lessee cea - | 5-3144 | 5.3144 | 5.3144 | 5.3144 | 5.3144 | 5.3144 


Correction to direction: 0". 39 2 30 77 Ov. 403 CON malas oO 


+ 
Correction to angle a = # to o—0.31+2.39 = +2.08 Check 2”.08 SuaLy, 


b°= 0) to P—2.30--7. 70 = 51-5. 32 5 .32 2 .60 
g =n to p—0.31+7.71 = +7.40 Amor We oS 
Ci Pi Ong 7h ——Os4 Ok 0 Ey) —_— 

d= qtor+o0.46—3.06 = —2.60 £2 (207)—212/,07 
e€ =r tos+3.06—4.36 = —1.30 

hk = q tos+o0.46—4.36 = —3.90 


f=s ton+4.36+0.31 = +4.67 
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The corrections + 2’.08, + 5/.32, etc., found in the last 
column above, are those which are applied to the observed 
angles (Example, Art. 268) to reduce them to center of sta- 
tion. 

268. Station Adjustment.—Doubtful observations hav- 
ing been eliminated and the observed angles having been 
reduced to center of station, the next step is the station 
adjustment. The sum of all the angles closing on the 
horizon and observed at the center of any stations should 
equal 360°, and the sum of any two angles, as a and 4 (Fig. 
175), should equal their combined observed angle g. In fact, 
it will be found that this is not the case owing to errors of 
observation due to various causes (Chap. XXVI). The object 
of the station adjustment is to so distribute these errors among 
the angles a, 6,‘and g as to give the most probable values 
which will satisfy these conditions. The following example 
is taken from the same station Walton, as is the example of 
reduction to center (Art. 267). 


EXAMPLE. 
: Angles Locall 
Station Reduc- wedeeted eae 
Obs. Angles. Adjust- tion to Reduced to 
ment. Center. Center 
°o , 4‘) ur wt ° / 4} 
la Dunkard—Peabody........... 65-45 28.37 + .51 + 2.08 65 45 30.96 
6 Peabody—Newt.......- ....00- 3t 47 58.50 + .52 + 5.32 31 “48 “'O4ag 
\ Sumner ees cn Pekaue ie as OF 33. 2OLa7T Wise dono osants Ses 97 33 35»30 
| ¢ Dunkard—Newt (meas.),....... 97 33 28-390 — .49 + 7.40 97.33) 35.30 
Difference... s0s.0cs un. = m= LES Ry il inborratsvarwiolre alls ore a) oyprehe ash ©9760) 
la Township cor.—Royer.... .... 87 44 57-41 — .56 — 2.60 87 44 54.25 
e Royer—Bennett.. .......+-++5. 34 00 63.35 — .56 — 1.30 34 00 O1.49 
STEN ai deatcieia 3 neck he% =| 12% 44 ‘60.76 SR Cate ata Res falar ela ahd T2l 44 55-74 
A Township cor.— Bennett....... T2t 44 59-05 + «59 — 3-90 12 44 55-74 
| eS at 452s 8 
| SET Bil ucaorstnsattate (eye eceip halter 00.00 
J Bennett—Dunkard........ ..-. 6r 09 26.17 + .02 + 4.67 61 09 30.86 
g Dunkard—Nevwt............ .. 97 33 28.39 — .49 + 7.40 97 33 35-30 
\¢ Newt—Township cor... ....... 79 32 06.25 +- .o2 — 8.17 79 31 58.10 
‘A Tp. corner.—Bennett........... | 12% 44 59.05 + .59 — 3.90 I2I 44 55.74 
s — =— 
| hee 5 abel onpesonas Sill “s5G) #50) soaco 360 ©0 00.00 
f — 0.14 00.00 
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269. Routine of Station Adjustment.—In the solution of 
a station adjustment a certain fixed routine is followed which 
furnishes the simplest arrangement for determining unknown 
‘corrections to the angles read around the horizon. The 
various operations performed in the course of this solution are 
elaborated in the following articles; some are identical with 
those performed in the solution of a figure adjustment (Art. 
273), to which latter operation reference is made in the proper 
places. The routine consists of the following: 

1. The determination of the differences between separate 
observed angles and their combined observed angle as between 
a-+ 6and g, as shown in the second column of the preceding 
example. | These furnish the equations of condition. (Art. 
270.) 

2. The formation of a table of correlatés from the equa- 
tions of condition. (Art. 271.) 

3. The transfer of the table of correlates into normal 
equations. (/itt. 272:) 

4. The solution of the normal equations for the determi- 
nation of the unknown quantities. (Arts. 272 and 281.) 

5. The substitution of the corrections found back into 
the table of correlates. (Art. 272.) 

6. The placing of the corrections to the angles found by 
the last operation in the proper place. (Example, Art. 268, 
column three, also Art. 272.) 

7. The addition or subtraction of the corrections to 
or from the observed angles. (Example, Art. 268, column 
three.) 

8. The addition or subtraction of the correction resulting 
from reduction to center (Art. 267) to or from the corrected 
observed angles. (Example, Art. 268, column four.) 

270. Equations of Condition.—In the column of ‘‘ Ob- 
served Angles” (Example, Art. 268) occur the following three 
equations of condttion : 
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(A) a+b—g— 1". 52 5/0} 
(B) dte—-A+1".71 S105 
Gye et Ota 4 0; 


in which the letters represent not the angles, as in the dia- 
gram, but unknown corrections to the angles. The method 
of solving these equations is briefly described in the next 
Article. The description is elaborated in the example of a 
figure adjustment (Arts. 273 to 284), which may be consulted 
in this connection. 

The number of equations of condition which may be 
arranged is limited only by the number of single and com- 
bined angles observed (Fig. 175). In fact, however, provid- 


Fic. 175.—STATION ADJUSTMENT. 


ing all of the possible combinations have been observed, only 
a portion of them are employed in the adjustment and used 
to make additional conditions. This number is limited by 
the angles used which enter into the figure adjustment (Arts. 
276 and 278). Thus it is unnecessary to introduce conditions 
by the adjustment of angles which will not form a part of 
some one of the figures which is to be adjusted later. In the 
case considered the figures resting on the station Walton are 


614 ADJUSTMENT OF PRIMARY TRIANGULATION. 


so disposed about it that it is necessary to solve but three 
equations of condition. 

The above equations result from the fact that the sum of 
the angles a and 4, as separately observed, fails to equal their 
corresponding sum angle g, as it was measured. The differ- 
ence 1.50 is the amount which is to be divided among the 
three observed angles as a correction to each. The object of 
the least-square station adjustment is to so apply these 
corrections that the resulting angles will be such that 
a+ 6—g=0; and so for the others. 

271. Formation of Table of Correlates.—By this mode 
of solution corrections are found which fulfill the conditions 
expressed in the equations of condition (Art. 270). The 
method of least squares is described in Article 264, and no at- 
tempt will be made to explain it theoretically here. The lists 
of works of reference (p. 809) show where the theory may be 
studied, the more important books on the subject being those 
of Chauvenet, Wright, and Merriman. Its application in the 
simpler geodetic operations is best explained by examples, of 
which this is typical. 

In the solution of the above equations by the method of 
least squares, they are first written in the form of a table of 
correlates, the letters at the top designating the equations, as 
follows: 


a 
6 
¢ 
ad 
e 
th 
& 
h 


Thus @ occurred in equation (A), now called column A, 
-+ 1 time, and the figure I is written opposite @ in column A. 
So g occurs — I time in equation (A), and is written in column 
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A; also + 1 time in equation (C), and is written so in column 
C opposite g, etc. 

The above table of correlates is now solved according to 
the algebraic formula: 


@ + abt ac+ ad, etc.; 
ba+- & + bc+- dd, etce.; . « « « (68) 
ca+cb +c’ + cd, etc.; 


272. Formation of Normal Equations and Substitution 
in Table of Correlates.—This is accomplished by multiply- 
ing each coefficient in the above table by itself and by every 
other in the same horizontal line and summing them. Then, 
by substituting the result back in the equations of condition, 
there are formed the following three xormal equations. Thus 


TN ae oro ys eee ee — 1.00C — 17.52 =0 
Sn te ick + 3.00B — 1.00C +1".71=0 
C. —1.00A —1.00B + 4.00C —o0’.14 =0 


column A is multiplied vertically into itself 3 times; into B, 
horizontally, no time, as neither column has coefficients on 
the same horizontal line; and into C, horizontally, once. 
These three equations, involving three unknown quantities, 
are then solved by elimination (Art. 281) with results as fol- 


lows: 
A=-+ -515; 
Bos 502: 
C =+ .023 


These values of A, B, and C can now be substituted in 
the table of correlates (p. 164), columns A, B, and C; the 
algebraic sum of lines a, 4, ¢, d, etc., giving corrections to the 
angles a, b, c, d, etc. 
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orrections 

A B c SAS ele! 

a + .515 + -515 
b + .515 == pty 
c + .023 + .023 
dad — .562 — .562 
é — .562 — .562 
Ve + .023 + .023 
¥ = obs} + .023 — .492 
h + .562 + .023 + .585 


The above are the corrections which have been entered in 
the example (p. 611) under the column heading ‘‘ Station 
Adjustment.” The algebraic summation of the corrections in 
that column and those in the column headed “‘ Reducction to 
Center” give the column of final locally adjusted angles. In 
these it will be noted that the sums of the various observed 
angles exactly equal their corresponding combined observed 
angle. 

273. Figure Adjustment.—In primary triangulation com- 
putation for figure adjustment means the fulfilling of the con- 
ditions imposed by the various triangles which form geometric 
figures. (Art. 238.) The length of any side in any triangle 
in a triangulation net being known and all the angles measured, 
the length of any other side may be computed by following at 
least two independent routes through the intervening triangles. 

The object of a figure adjustment is to find from a given 
set of measured angles the values which will remove the 
contradictions among them and will satisfy the following two 
classes of conditions: 

1. The local conditions, or those arising at each station 
from the relations of the angles to one another at that station. 
These are satisfied by the station adjustment. (Art. 268.) 

2. The general conditions, or those arising from the geo- 
metrical relations necessary to form a closed figure. These 
are satisfied by the figure adjustment, and are of the following 
three kinds: 
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(a) The sum of the angles of each triangle must be equal 
to 180° plus spherical excess. 

(0) The length of a side must be the same by whatever 
route it is computed from the given base. 

(c) The adjusted values of the angles must be the most 
probable that can be found from the observations. 

Ordinarily the angles have been measured by instruments 
and methods better than the requirements of mapping, and 
in such cases it is not necessary to make a figure adjustment 
other than an arbitrarily equal or perhaps weighted distri- 
bution of the error of each triangle among the three triangles 
which compose it. The necessity of a more elaborate adjust- 
ment may arise where the computations are to be carried 
through a long scheme of triangulation connecting distant 
points, when it becomes desirable to make so rigid an adjust- 
ment that any connection with this scheme of triangulation 
from any direction will not alter the computed quantities. 

Rigid figure adjustment is made by the method of least 
squares, and the simplest mode of explaining such adjustment 
is by an example taken from actual practice rather than by 
algebraic formulas. The latter may be found fully elaborated 
by Chauvenet, Merriman, etc. Such an example is the 
following, taken from a scheme. of triangulation executed 
with vernier theodolite for the U. S. Geological Survey and 
computed and in part elaborated by Mr. E. M. Douglas: 

274. Routine of Figure Adjustment.—In making a 
figure adjustment a certain tabular routine is followed, be- 
cause it furnishes the simplest arrangement of solving a 
complicated series of algebraic problems and in the most 
mechanical manner. This consists practically of seven sepa- 
rate operations, which are elaborated in the following articles. 
The order presented is, after a description of the notation, as 
follows: 

1. The formation of the angle equations. (Art. 276.) 

2. The determination and application of the spherical 


excess to each triangle. (Art. 277.) 
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3. The formation of side equations. (Art. 278.) 

4. The solution of the angle and side equations, which is 
performed as one operation. (Art. 279.) 

5. The summation of angle and side equations (Art. 279), 
which consists of the following separate operations: 

(a) The formation of a table of correlatives. (Art. 280.) 

(6) The formation of normal equations from the table of 
correlatives. (Art. 280.) 

(c) The algebraic solution of the normal equation by the 
least-square method. (Art. 281.) 

(d@) The substitution back into the normal equation of 
the values found by elimination. (Art. 282.) 

(ec) Solution of the table of correlatives whereby the 
numerical values of the corrections to the angle and to the 
sides are obtained. (Art. 283.) 

6. The substitution of the corrections to the angles and 
sides back into the angle and side equations (third and fourth 
columns, example, Art. 276, and fourth and fifth columns, 
example, Art. 279). 

7. The determination of the final corrected spherical 
angles and sides as a result of the application of the side and 
angle corrections to the observed angles (last column of 
examples, Arts. 276 and 279). 

275. Notation Used in Figure Adjustment.—An angle 
may be considered to be the difference in azimuth or direc- 

r g tion of two lines bounding it. Azimuths 
are counted from the south through the 
west, north, and east. Therefore the 
angle 4.1.2 is equal to the azimuth of 
the line 2.1 minus that of 4.1, and 
may be written 

1 4.1.2 or —4+2, 
Fic. 176.—ANGLE AND In the second form the number at the 

StpE NOTATION. A 

vertex of the angle is always written 
underneath the other numbers. If written in the first man- 
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ner, 4.1.2, the numbers should be in such order that when 
the vertex of the angle is toward the observer the left-hand 
station number is written first. The angle 4.1.2, if written 
without signs, would then be read minus the side (or direc- 
tion) 4.1 plus the side 2.1; that is, the angle would be 
TAS = Del, 

276. Angle Equations.—The sums of the three measured 
angles of any triangle should = 180° + its spherical excess. 
Each fails to do this, however, by a small amount, which is 
distributed as a correction to each angle. As a result each 
triangle furnishes an equation of condition, which is called 
the angle equation. The number of angle equations tn any 
figure ts equal to the number of closed sides in the figure +-1 
and — the number of stations. ‘Thus ina closed quadrilateral 
(Fig. 177) the number of angle equations is 6+ 1 — 4 = 3. 
The corrections to the angles as found by solution are in- 
serted in the fourth column of the following example of a 
figure adjustment. In this example the various angles are 
designated in the first column, in accordance with the nota- 
tion just given; in the second column are written the plane 
angles resulting from the station adjustment (Art. 268) and 
the accompanying correction for reduction to center; in the 
last column are given the corrected spherical angles, the sum 
of which must equal 180° + spherical excess. 

277. Spherical Excess.—The angles observed in the field 
are measured on a spherical surface, and the sum of the three 
measured angles of each triangle should, if exactly measured, 
equal 180° plus spherical excess. This quantity must be 
computed and subtracted from the sum of the angles only for 
the purpose of testing the accuracy of closure of the triangle, 
since in the final computation the angles are treated as plane 
angles. 

Since the spherical excess amounts, between latitudes 25° 
and 45°, to about 1” for an approximate area of 75.5 square 
miles, an empirical formula for approximately determining 
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Corrections 


Error, — 3.69 


ete Observed meet Corrections to Sides. poe Sere aes 

e283 123 26 46.67 + 1.447 + 0.962} + 2.41 123 26 49.08 

Dh, Be 1 34 09 11.89 + 0.960 + 1.534] -+ 2.49 34 09 14.38 

3. I. 2 22 23 54.34 + 1.538 + 1.448} -+ 2.99 22 23 57.33 

Sum =| 179 59 52.90 + 7.889 + 7.89 180 00 00.79 
S76.0179 

Peangac Error, — 7.89 

De, Bin Uk 76 57 41.76 + 0.960 — 0.574] + 0.38 76 57 42.14 

Ba 4aee 45 15 50.41 — 0.575 — 0.487| — 1.06 46 15 49.35 

ils BG} 57 46 28.77 — 0.485 + 0.962} -+ 0 48 57 46 29.25 

Sum = 180 00 00.94 — 0.199 — 0.20 180 00 00.74 
Ss. €. 0.74 

(Qos .|Error, + 0.20 

Ts Bo 42 48 29.87 — 1.534 — 0.574| — 2.11 42 48 27.76 

Gy dks At 105 36 13.12 — 0.575 — 0.088 — 0.66 105 36 12.46 

Ae eS 3I 35 22.54 — 0.090 — 1.538} — 1.63 3I 35 20.91 

Sum’! = 180 06 05.53 — 4.399 — 4.40 180 00 01.13 
Seda i3 

Broce De Error, + 4.40 

Mis A tak 65 40 17.90 + 1.447 + 0.485 = 1.93 65 40 19.83 

Ce le 5G 60 20 22.71 + 0.487 — 0.088 + 0.40 60 20 23.11 

Ay Me 2 53 59 16.88 — 0.090 + 1.448 ++ 1.36 5359 18 24 

Sim) 179 59 57-49 + 3.689 + 3.69 I 000 01,18 
SCE sES 
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spherical excess in triangles of less area than 500 square 
miles is 


area sq. mi. 


& (in seconds) = abot 


atlats 40s 1)" (OG, 


For latitude 20° a constant divisor is 74.76, and for lati- 
tude 60° it is 76.42. The area of the triangle may be com- 
puted with sufficient accuracy by considering the angles as 
correct, and subtracting one-third of the excess of the angles. 
above 180° from each angle. 

When the area of a triangle is larger than 100 square 
miles the spherical excess in seconds should be determined 
by the equation 5 


A ab sin ¢ | 
k= — rea. | Gn (70), 


7 si i 27 sin ai’? 


in which A = area of triangle in square miles, and 

y = radius of curvature of the earth.in miles, and’ 
is a constant for a given latitude, or may be assumed as a 
constant in the latitudes included within the area of the 
United States. 

Phe valuetot=.4 = ee —= : may be determined by the 
empirical formula (69). The log mean radius of earth in 
Miles, 7 = 3559072790. 

As the value of the divisor in formulas (70) is a constant 
for different latitudes, it may be expressed thus: 


I 
779 


N= 
27° sin I 


and we have 
Pot BO. SITh, Co C0 M7 ey 


622 ADJUSTMENT OF PRIMARY TRIANGULATION. 


TABLE aX ov ie 
LOG m FOR DETERMINING SPHERICAL EXCESS. 
FOR DISTANCES IN METERS. 


(Computed for Clarke’s Spheroid of 1866 from Appendix 7, U. S. Coast 
and Geodetic Survey Report for 1884.) 


[ 7 
Latitude.| Log . Latitude.) Log mm. Latitude.| Log 7. Latitude.| Log ». 
20 00 | 1.40625 32 00 | 1.40528 44 00 | 1.40410 56 00 | 1.40290 
20 30 622 32830 524 44 30 405 56 30 285 
2I 00 619 33 00 519 45 00 400 57 00 280 
21 30 615 || 33 30 514 || 45 30 | 395 || 57 30 276 
22 00 612 34 00 509 46 00 390 58 00 271 
22580 608 34 30 505 46 30 | 385 58 30 266 
23 00 604 35 00 500 47 00 | 380 59 00 262 
23 30 601 35) 3° 495 47 30 375 59 30 257 
24 00 597 36 00 491 48 00 | 369 60 00 253 
24 30 592 || 36 30 486 || 48 30 | 364 || 60 30 249 
25 00 588 |; 37 00 481 49 00 | 359 || 61 0O 244 
25 30 584 || 37 30 476 |} 49 30 | 354 || 61 30 240 
26 00 580 || 38 00 471 50 00 | 349 62 00 236 
26 30 576 38 30 466 50 30 344 62 30 231 
27 00 572 39 00 461 51 00 | 339 63 00 227 
27 30 568 || 39 30 456 || 51 30 334 || 63 30 223, 
28 00 564 || 40 00 451 52 00 | 329 64 00 219} 
28 30 559 || 40 30 446 || 52 30 | 324 || 64 30 215 
29 00 555 41 00 441 || 53 00 | 319 65 00 211 
29 30 551 || 41 30 436 || 53 30 | 314 || 65 30 207 
30 00 547 42 00 431 54 00 309 66 00 203 
30 30 542 42 30 426 54 30 304 66 30 | 200 
31 00 537 || 43 00 420 || 55 00 | 299 ||_ 67 00 196 
31 30 | 1.40533 43 30 | 1.40415 55 30 | I.40295 67 30 | 1-4o1g2 


lO 
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EXAMPLE.—Let a and 6 be the lengths of the two sides, 
and C the included angle; m is a constant to be derived 
from Table XXXVI for distances in meters. For the mean 
latitude 30° 40’ of the example chosen, m = 1.40540. Then 
we have, solving by formula (71); 


r aan | 

Triangles T:2-3 2.3.4 ies a4 24 
Angles C= 123-2650" 76> 57 40 | "42°48" 30” | 65° 40’ 20” 
Log (side) a 4.36885 4.20055 454093 4.36885 
i ciate i 4 4.20055 4.27642 4.27642 4.33733 
cS ysineaee 9.92137 9.98866 | 9.83222 9.95962 
“const. I.40540 1.40540 I. 40540 1.40540 
Lor sie, = 9.89617 9.87103 0.05497 0.07160 

sc. = o”.79 o”.74 RG) Tals 


Then one-third 0’’.79 is to be subtracted from each of the 
three angles of the triangle 1.2.3, etc. 

278. Side Equations.—It is evident that the distribution 
of corrections to the three angles of a triangle to make their 
sum 180°, affects not only the angles, but as a consequence 
the sides, diminishing the lengths of the latter as the angles 
are diminished or increasing the lengths as the opposite 
angles are increased. Therefore the adjustments to the sides 
of the triangles must be made with the adjustments to the 
angles in order that the triangle shall not be distorted. The 
determination of the corrections to be applied to the sides is 
performed through the formation of side equations, which are 
best explained by reference to Fig. 177. The solution of 
these is performed at the same time with that of the angle 
equations in Articles 279 to 283. 

Suppose 4.1.2.3 to represent the projection of a pyramid 
of which 1.2.3, the shaded side, is the base and 4 the apex. 
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A geometric condition of such a figure is that the sums of the 


logarithmic sines of angles about the base taken in one direction 


4 
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must equal similar sunts taken in the other direction ; that is, 
the product of the sines must be equal. In this case, therefore, 


log sine 4.1.2 + log sine 4.2.3 + log sine 1.3.4 
should equal 


log sine 1.2.4-+ log sine 2.3.4 + log sine 4.1.3. 


The number of side equations which can be formed in any 
figure ts equal to the number of lines in the figure plus three, 
minus twice the number of stations, or 1+3—2n. Ina 
quadrilateral, therefore, 6 -+ 3—8=1; hence such a figure 
contains one side equation, or equation of condition. The 
numerical term in each side equation is the difference between 
the sums of the logarithmic sines taken in each direction. 
The coefficients for the unknown corrections are the differences 
for one second in the logarithmic sines of the angles. 

_ Further examples of the method of arranging equations of 
condition and applying corrections to the angles may be best 
shown by a continuation of the example selected (Art. 276), 
which is the simplest, being that of a quadrilateral (Fig. 177). 


rh heey 


SOLUTION OF ANGLE AND SIDE EQUATIONS. 625 


The method of forming correlative and normal equations 
and their solution is similar to that for station adjustment 
(Arts. 271, 272). In the eguations of conditions and correla- 
tives the angles are designated by directions to which the 
corrections are finally applied. 

279. Solution of Angle and Side Equations.—The cor- 
rections to the sides bounding an angle are empirically denoted 
by enclosing them in brackets and prefixing the proper signs. 
Thus the corrections to be found for the angle 3.4.1 may be 
denoted by its side corrections, —(#) + (4). ; 

In the triangle 1.2.3 write each observed angle and indi- 
cate a correction, to be found, as above: 


1.2.3-— [1.2] + [3.2] + 2.3.1 — [2.3] + [1.3] + 3.1.2 
— [3.1] 4-[2.1] = 180+ s.e.; 


or, instead of the angle numbers, 1.2.3, etc.,write their com- 
bined value: 


179° 59’ 52".9 — [1.2] + [3.2] — [2.3] + [1-3] — [3.1] 
+ [2.1] = 180° +s. e. = 180° 00' 00.79. 


This equation reduced gives 


—[1.2]+[3-2]—[2.3]+01-3]—-[3-1]+[2.1]-7.89 = 0. (a) 


In this manner equations are formed for the other triangles, 
1.2.4 being assumed to be the dependent triangle, and we 
have: 


—[2.3]+[4.3]—[3-4]+[2-4]—[4.2]+[3.2]+0.20=0;. (6d) 
—[1.3]+[4-3]-[3-4]+[1-4]-[4-1+[3-1]+4.40=0. . © 


Arrange the logarithmic sines as shown in the following 
tabular example by writing opposite each sine its logarithmic 
difference for one second as given in a table of seven-place 
logarithms. The logarithmic differences for angles greater 
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than 90° will have a minus sign, for those less the sign will 
be plus. Fora small correction to any of these angles the 
change in the logarithmic sine will be equal to the correction 
in seconds multiplied by the tabular difference for 1. As 
the correction for the angle 3.4.1 is denoted by — (#) + (), 
applying the tabular difference for 1”, we have the change in 


the log. sine — 5.9 (— (#) + ()). 


EXAMPLE.—SUMMATION OF SIDE AND ANGLE EQUATIONS. 


noses] tors [Pitney to| Cape te| carted | 

By Ab Tt 9.9836918.6 i — 5.9] — 0.66;+ 3.9]9.9836922.5 

ah lige 9-5809762.8 + 51.1 | + 2.99 | + 152.8 | 9.580Q915.6 

fe PE) 9.9273484.8 = 13020) 10-48 | 053 /9.0273401. 1 

Sutin 9-4920166.2 fare eee eee fesse eee + 163.0 | 9.4920329.2 
i “, 

- == == 
4, I, 3 9- 7191913-.9 + 34.2 | — 1.63] — 55-7 |9-7191858.2 
1, 253 9-9213757-3 — 13-9] + 2.41} — 33.5 | 9-9213723.8 
Beit, 2 g.8514769.5 + 20.8 — 1.06 — 22.0 | 9.8514747.5 
Sum... Q24920440.7 7 | |\s:o 1stpeaenicre oie perrerte — III.2 | 9.4920329-5 
— 9. 4920166. 2 © 

Error = — 274.5 274.2 


As shown in the beginning of this Article, the equation 
which must be satisfied in an adjusted quadrilateral to fix the 
relative length of the. sides is 


log sin 3.4.1 + log sin 3.1.2 + log sin 4.2.3 
— log sin 4.1.3 — log sin 1.2.3 — log sin 3.4.2 =o. 


Substituting in this, with changed signs, corrections 
found as above, we have, after reducing, the following szde 
equation : 


——— 
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+ 5.9[3-4] —.5.9[1.4] — $1.1[3.1] + 51.1[2.1] — 13.2[4.2] 
+ 13.2[3.2] + 34.2[4.1] — 34.2[3.1] — 13.9[1.2]+-13.9[3.2] 
-+ 20.8[3.4] — 20.8[2.4] — 274.5 =o. 


This being a true algebraic equation, it may be divided 
by any number without altering its value. Dividing it through 
by some convenient multiple of 10, as 80, to give smaller 
coefficients, and combining algebraically the coefficients of 
{3-4], [3-2], [3.1], each of which appears twice, gives 


+.334[3-4] — .074[1.4] — 1.066[3.1] +-.639[2.1]—1.65[4.2] 
+.339[3-2]+.427[4.1]—.174[1.2]—.260[2.4]—3.427 =0. (d) 
Thus for example, for the coefficients of [3.4], we had 

+ 5-9 [3-4] + 20.8 [3.4] =-+ 26.7 [3.4] + 80 = .334[3.4], 


and so for the others. 

280. Correlates and Normal Equations.—We now have 
the equations necessary for the complete adjustment of the 
quadrilateral, and from them values must be found by means 
of correlates, each equation of condition having a correlate, 
and each correction coefficient giving a correlate coefficient. 
The algebraic sum of the coefficients of each correlate will be 
zero. 

The following tables of correlates can now be formed from 
the above, as was done in the station adjustment (Art. 271). 
The solution of this can only be made after the normal equa- 
tion has been formed and solved by elimination (Art. 281). 

The first of the tables is formed from the adopted equa- 
tions of condition (a), (0), (¢), and (@) (pages 625 and 627) by 
arranging corresponding columns a, 6, etc. In these and on 
line with the various side numbers 2.1, 3.1, etc., are placed 
the coefficients of the latter with their signs from the equa- 
tions (a), (4), etc. Thus on line 1 the side 2.1 occurs + 1 
time in equation (a) and again + .639 times in hie! (d), 
and so for the other sides. 
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EXAMPLE. 
TABLE OF CORRELATES TABLE OF CORRELATES 
FORMED. ' SOLVED: 

A B. c. D 

6. COT cs + 1.446 |— 0.486 |— 0.088 |+ 0.004 Totals. 
I 2.1 + 1.448 
2 3.1 = 1.538 
| 4.1 + 0.0g0 
4 1.2 — 1.447 
5 3.2 + 0.962 
6 4.2 + 0.485 
Yh 1.3 + 1.534 
8 Zag — 0.960 
9 Ack} — 0.574 
10 1.4 i— 0.088 
II 2.4 + 486 i— 0.487): 
12 3-4 -—i ser |e gga ee se 22s + 0.486|+ 0.088/+ 0.001/-+ 0.575 
Sums | 0.000 | 0.000 | v.000 | 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 


The first of the tables of correlates as formed above may 
now be arranged as a normal equation by application of 
‘formula (68) as for station adjustment (Art. 271), resulting as 
follows: 


EXAMPLE.—TABLE OF NORMAL EQUATIONS FORMED FROM 
ABOVE TABLES OF CORRELATES. 


(iy (8) () (a) (Residuals.). 
a. -+ 6.000 + 2.000 — 2.000 + 2.218 97:10 90) —=9 Ou AOOT) 
6. -- 2.000 -+ 6.000 + 2.000 — 0.090 -+- 0.200 (.000) 
¢. — 2.000 + 2.000 + 6.000 — I.g0I + 4.400 (.000) 
d.-'+ 2.218 — 0.090 — I.g0I + 2.084 — 3.427 (.000) 


. The symmetry of the normal equations as shown by the 
underscoring gives a partial check on their accuracy. 

281. Algebraic Solution of Normal Equations. — The 
normal equation being now arranged, it may be solved by 
elimination in tabular manner as given on page 630. 

The logarithm of each number in line 1 is placed in 
line 2. The logarithm (= 0.77815) of the left-hand number 
is then subtracted from each of the other logarithms. The 
remainders, the logarithms of quotients, are written in line 3. 
The number corresponding to the logarithm 0.11893, in the 
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right-hand column, is placed in a parenthesis in line 5 with a 
sign opposite to that of the number above it in line 1. 

The logarithms in line 3, columns (6), (c), and (@), are to 
be used as the logarithms of multipliers. The sign of each 
multiplier is the opposite to that of the number above it, and 
is written in line 4. The logarithms of multipliers are next 
placed on a slip of paper, and the logarithms of products 
found by adding the logarithms of the multipliers to the 
logarithms of numbers in line 1. For example, using 
(4) multiplier, line 3, column (4), we have 


Log. of multiplier = 9.52288 sign — (Numbers); 
Log. of product (4)(6) = 9.82391 sign — (— 0.667); 
Log. of product (4)(c) 9.82391 sign + (+ 0.667); 
Log. of product (6)(@) = 9.86884 sign — (— 0.739); 
((4) by absolute term) = 0.41996 sign + (+ 2.630). 


I] 


Write the numbers corresponding to these products in 
line 7, equation (4). Products belong to the equations having 
the same letter as the multiplier and in the same columns 
with the multiplicands. 

The algebraic sums of the numbers in lines 6 and 7 are 
written in line 8. In this manner form the products with the 
multipliers in (¢) and (d) columns and add them to ¢ and @ 
equations respectively. 

The above process is to be repeated for the numbers in 
line 8. The products, line 16, are added to the numbers in 
line 15. Proceed as before with the numbers in line 17. 
This line has but one multiplier. The logarithm of + 0.995 
(line 28) is subtracted from logarithm of — 0.004; the number 
corresponding to quotient is + 0.004 (line 32), which is the 
value of d correlate. 

The logarithm of this number (7.60206 sign +-) is added 
to each of the logarithms of multipliers in column (@), Thus, 
commencing at the bottom: 
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EXAMPLE.—SOLUTION OF NORMAL EQUATIONS. 


(a) () () (a) oreo 
+ 6.000 ai 2.000 — 2.000 + 2.218 a 7.890 
0.77815 0.30103 0.30103 0.34506 0.89708 
©.00000 9.52288 g-52288 9-50781 0.11803 
= = = oF 
(+ 0.162) | (— 0.029) | (— 0.002) | (4+ 1-315) 
-+ 6.000 + 2.000 — 0.090 + 0.200 
— 0.667 + 0.667 — 0.739 + 2.630 
+ 5.333 + 2.667 — 0.829 + 2.830 
0.72700 0.42600 9.91855 0.45179 
0.09000 . , 969900 9+ 19155 _ 9+72479 
(+ 0.044) | (+ 0.001).| (— 0.531) 
+ 6.000 — 1I.goI + 4.400 
— 0.667 + 0.739 — 2.6306 
+ 5.333 Si, Oy) SS 7K 
= 1.333 + 0-415 = Tea sies 
+ 4.000 — 0.747 = 0.355 
0.60206 9.87332 9.55023 
©.00000 9.27126 8.94817~ 
- + 
(+ 0.001) | (— 0.089) 
+ 2.084 — 3-427 
— 0.820 + 2.917 | 
+ 1.264 — 0.510 
Oe + 0.440 
Correlates. + 1.135 — 0.070 
ee ie — 0.140 + 0.066 
6=— .486 
4 + 0.995 — 0.004 
Cla eos GE re 
gd=-+ .004 | (+ 0.004) | 


nr WN 
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Log. of correlate d = 7.60206 sign + 
added to log. in line 19, ) 
column (qd), gives the log. | : 

of product d@ multiplier r peace? Sab Ne. om 
by (@) log. 

Line1o,d@ multiplier by(a)log. = 6.79361 sign + No. = +.001 


Line 3, d multiplier by d log. = 7.16987 sign —, Num- 
ber = — .002. Each number is written in parenthesis under 
the log. of its multiplicand. 

Any line of multipliers corresponds to an equation. Take, 
for example, line 19: the numbers corresponding to each log. 
taken with the letter of the column give 


— Ic + 0.187d — 0.089 = O. 


The product of + 0.187 (log. 9.27126) by the value of a 
(+ .004) = + .001 (nearest unit in third place of decimals); 


hence —c-+ .001 — .089 =O; and 
CG = 2000. 


Take the log. of c and proceed as with log. of d, obtaining 
the numbers + 0.044, line 12, and — 0.029, line 5, for products 
of c correlate by c column multipliers. 

Add algebraically the numbers on line 12 and we get the 
value of 6= — 0.486. Find its product with 4 multiplier line 
3, and write it on line 5. Add the numbers on line 5 for the 
value of a. 

The values of d, c, 6, a can also be found from lines 28, 
By cen oh ih 

For example, + 4.00¢ —0.747d + 0.355 =0 (line 17): 
substituting the value of d (+ .004) and combining gives 


+ 4.00¢c + 0.352 =0; and 
¢ = — 0.088, as before. 
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The same operation as is illustrated on page 630 can be 
more simply and quickly performed by the method of solution 
by reciprocals and Crelle’s tables, instead of by use of loga- 
rithms, where the former are available; see Appendix 8, 
pages 26 to 28, U. S. Coast and Geodetic Survey Report for 
1378. 


282. Substitution in Normal Equations.—The values_ 


found for the correlates a, 0, etc., must now be substituted in 
the normal equations (Art. 280) to test the accuracy of the 
solution. 

For equation @ (p. 629), commencing at the left: 


+ 2.218 x (+ 1.446 = a) = + 3.207 
— 0.090 X (— 0.486 = 6) = + 0.045 
— 1.901 X(— .088 = ¢c)=-+0.167 
+ 2.084 X (+ .004 = @) = + 0.008 

absolute term = — 3.427 


Sum = 0.000 


This proves the equation correctly solved. In the same 
way substitute in a, 6, and ¢ equations. In equation a, as 
solved above, there is an error amounting to .0O1, but as only 
corrections to the nearest hundredth are desired, this small 
residual may be neglected. 

283. Substitution in Table of Correlates.—The values 
of the correlatives are next placed at the head of columns A, 
B, C, and D (p. 628, Table of Correlates Solved), and prod- 
ucts by corresponding coefficient in column a, 6, c, or d, of 
the adjoining table are found and written on the proper lines 
in A, 6, Cand D columns: 

The sums of the products on each horizontal line are 
placed in the column of totals. As a check on this part 
of the work see that the sum of the numbers in each col- 
umn 0; 

On each line in the column of totals is the correction for 


nl See 
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the side adjacent to an angle, the numbers for which are given 
in the column of sides. 

For the angle 1.2.3. = (— 1.2 + 3.2) the correction is as 
follows: 

For the side; 1-2)(line 4) the correction is —' 1.447, 

For the side 3.2 (line 5) the correction is + .0962. 

Hence for the sides — 1.2 and + 3.2 we have 


+ 1.447 = — correction for 1.2 
+ 0.962 = + correction for 3.2 


+. 2.409 = correction for angle 1.2.3 


These are the corrections which are written in the third and 
fourth columns of the angle equation (Art. 276, p. 620) as 
side corrections and angle corrections respectively. From 
their application result the corrected spherical angles, column 
five. 

The correction for each log. sine is the product of its angle 
correction by its difference for. 1”. For example, sine of 
angle 3.4.1 (Art. 279, p. 626), Dif. for 1” = — 5.9, column 
three, correction for angle = — 0.66, column four. 


— 5.9 X — 0.66 = + 3.9 = cor. to sine, column five. 


284. Weighted Observations.—Where a number of 
observations differ somewhat from each other and the causes 
are believed to be known for such difference, it occasionally 
becomes desirable to give greater value to one observation 
than to another; thus one may be given two or three times 
the value of another. This operation is called wezghting 
(Art. 264). To find the weighted mean of a number of 
observations which have been given unequal weights, each is 
multiplied by its proper weight, and the sum of the product 
is divided by the sum of the weights, the quotient being the 
weighted uiean. 
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EXAMPLE, 38° — 54° — 557.0 XK Wt. 1 = 55 
56 MAW tt. 20-9102 
3 Wit toes 
57 Wine = ine 
Sum 7)388 
55-4 


Weighted mean = 38° 54’ 55.4 


Weights are used in a least-square adjustment in the fol- 
lowing manner: the adjustment is carried forward as above 
described till the table of correlates is reached; then opposite 
each angle number in a station adjustment, or opposite the 
side numbers in a figure adjustment, place the weight of the 
angle or side in a separate column. Every product formed 
in the table of correlates must be divided by the weight 
written on the horizontal line with the multiplicand. Zhe 
weight 1s used only as a divisor. 

The following example from a station adjustment will 
illustrate the method of using weights in station or figure 
adjustment. 

Equation a, at the bottom of page 635, is formed from 
the left half of the table on the same page, thus: 


—IxX —1+2=+0.50 
+-irXxX +1+1=-+ 1.00 
—I KX —1+2=>-+0.50 


NO 


Sum = + 2.00 = term (a), equation a. 
- Term 0, same equation is from second line. 
+1IX—-I+1=—1. 


Termc=o0. The absolute term — 3.00 is the same that 
it would have been for an unweighted equation. 


2 aye 
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Equation cis formed thus: 


Term @= 0. 
Term @="--1-X — L-t 2 = —.0;80 
Terme=—1X —1+1=-+1.0 
+1X +1+2=-+40.50 
—1IxX -—1+4=-4- 3.00 
Sum + 4.50 = term Ge 


EXAMPLE.—TABLE OF WEIGHTED CORRELATES. 


No. of Totals 
oe Weight. | a b ¢ pane flay ok ms, ae Totals. ee : 
Weights, 
I 2 SAT ote ||. & Shoe 5 2H77O)) ere eee: oft) boners oust — 2.779| —1 39 
2 B4 se Ef Tee | = 2.770) — 25558 seme we + 0.221] + 0,22 
3 2 —— ST te ee Pee pf — + 2n7 70h aie ernst ei] hina oaPote — 2.779] — 1.39 
4 I S.58G || Se Woied ora-art Aoi caioeae: -++ 0.605; -+ 0.605] -+ 0.60 
5 2 =I) + I] ...-+0- — 2.558] -- 0.605] — 3.163) — 1.58 
6 + Bei ee Rr WE SU Wo cht Ccatip ia cries -++ 0.605] + 0.605] + 1.84 
7 4 Bee athe Tilt cae ers |i torers's eveus "25 50] wm osreie — 2.558) — 0.64 
360° oo SPT inte ale Ul ncaa eel Pe ier 4.51 ici Sullleoteoe ud Worcs eets (o) 


(a) (6) (c) (2) 
a - 2.000 a LOCO Maas tl olyahele sister — 3.00 =0 
é — 1.000 + 1.750 — 0.500 — 2.00 =0 
— 0.500 + 4.500 + 4.00 =0 


The equations are solved in the ordinary way. The 
values for the correlates are multiplied by their respective 
coefficients, the products being written in columns A, B, C, 
no attention being paid to the weights until after the totals 
for each horizontal line are found and written in the column 
for totals. These totals must be divided by the weights. The 
quotients, written in the right-hand column, are the weighted 
corrections for the angles, the numbers of which are in the 
left-hand column. 


CHAPTER’ XXIX, 


COMPUTATION OF DISTANCES AND COORDINATES. 


285. Geodetic Coordinates.—The position of a point on 
the surface of the earth is determined by its altitude and geo- 
detic latitude and longitude. These may be called its geo- 
graphic coordinates. In order to extend and compute a system 
of triangulation from such a point, it is necessary to determine 
also its polar coordinates, which are the distances and directions 
or azimuths between it and various other points. A complete 
statement of what are designated the geodetic coordinates of a 
point includes, therefore, its geographic and polar coordinates. 

As understood in geodetic computation the azemuth of a 
line (Art. 288) is the angle which defines its direction with 
relation to the true meridian. This angle is always measured 
from the south towards the west, north and east, in the direc- 
tion of the handsofawatch. The zero of azimuth is the south, 
anda true westerly direction is go’, a northerly direction 180°, 
and an easterly direction 270°. Astronomtc azimuths (Chap. 
XXXII) and datitudes (Chap. XXXIV) are to be determined 
by observations on stars, and longitudes by the same sup- 
plemented by telegraphic exchanges of time (Chap. XXXV). 
Distance is obtained by direct measure (Chap. X XI) reduced 
to sea-level, of the length of the line considered. 

The computation of geodetic coordinates consists of two dis- 
tinct operations. The first is the computation of the lengths 
of the sides of the triangles (Art. 286) by which all the parts 
of the triangle are solved. The second operation consists in 
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starting out in any figure, or in the simplest figure, a triangle, 
with the lengths of the sides and dimensions of the angles 
known, as well as with the latitude and longitude of one, or, 
preferably, for purposes of check, of two apices of the triangle 
known. Also, the azimuth of known side joining the two 
known positions. With these quantities given it is possible 
to compute the latitudes and longitudes of the other apices or 
stations and the azimuths of the lines joining them (Art. 288). 

286. Computation of Distances.—The figure adjustment 
having been completed and the spherical excess in each 
triangle computed (Arts. 273 and 277), the next operation is 
the computation of the distances or lengths of each of the 
sides forming the various triangles. In each triangle there 
is a known base, that is, the length of one side is known and 
the three angles are known. The remaining sides are com- 
puted on the principle of proportion of sides to sines of opposite 
angles ; expressed mathematically this is 


6 sine A 
sine B - 


ES 4 Sli 72h 


In this computation the distances are expressed in logs. of 
meters because the tables used in the after-computation are 
prepared for metric computations. The solution of the above 
formula is best explained graphically by the following example 
(see also Fig. 178). 


EXAMPLE. 
Triangle. | Stations. | Spherical Angles. (AC | Plane Angles. Log. Sines. 
Log. sine angle at McKenzie... 9.741 7780 
Log. distance Chuska—Zufi... 4.501 6173 
McKenzie B39 20! (26'in7 — 1.42 33° 29’ 24’7.95 | 0.258 22204. Cc. 
I Chuska AS01115, 4 1343 — 1.42 73) TS §39°.01 9.981 1959 
Zuni 93°, 14 57) .46 — 1.42 73. 14 50 .04 | 9.981 1686 
180 00 04,26 4.26 
Log. side McKenzie—Chuska.... 4.741 0079 


Log. side McKenzie—Zuii.... .. 4-741 0352 
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In the above, under the column of stations, is placed first 
the station from which the distance is to be determined, and 
then follow those stations to which distances are to be deter- 
mined and between which the distances are already known. 
In the column of spherical angles are written the final adjusted 
angles resulting from the figure adjustment (Art. 276). In 
the column of spherical excess is written opposite each angle 
one-third of the total spherical excess of the triangle (Art. 
277). In column of plane angles are written the angles 
resulting from the subtraction of spherical excess from the 
adjusted spherical angles. 

In the column of log. stnes are written logarithmic sines of 
the plane angles as obtained from a table of logarithms. 
Above this column is written opposite ‘‘log. of dist.” the 
length of the known side Chuska-Zufii, and above it, for 
reference, the log. sine of the angle at the known station, 
McKenzie. On the line McKenzie, in column of log. sines, is 
then written the arithmetical complement, a. c., of the sine 
of its angle. Opposite the other two angles, Chuska and 
Zufii, are written the logarithms of their sines. 

The quantities sought, viz., distances McKenzie—Zufii and 
McKenzie—Chuska, are found by adding the a. c. log. sine of 
the angle at McKenzie and the log. sine of the angle at Chuska 
in the first case, and in the second thea. c. log. sine of the 
angle at McKenzie and the log. sine angle at Zufii to the 
log. dist. Chuska—Zufi. 

287. Formulas for Computing Geodetic Coordinates. 
The last operation in the computation of a system of primary 
triangulation is the determination of the geodetic coordinates 
‘of each station. Having now the log. dist. and accordingly 
the actual lengths of the sides and the dimensions of each 
plane angle, there remains only to determine the latitude and 
longitude of each station and the azimuth of each direction. 
To do this the latitude and longitude of one station must be 
known, and the azimuth from it to one of the other stations. 
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The formulas for computing new latitudes, longitudes, 
and azimuth from the known positions consist in deter- 
mining the differences of latitude, longitude, and azimuth, 
4, 4A, and Ja, and adding or subtracting these to or from 
the known positions. 


._ — 49= Scosa.B+ S’sin?a.C +(4)y.D — h.sin’ a. E. (73) 


The above is simple of application by use of the log. factors 
ee Orie, etc whale a XV IT, 


Ay ee A iy Py eos cove BUTE 


cos G *” 


sin 4¢+ 9’) 3 en 
Rie adeno ebiiaas -& C (75) 


and 


eas 1f0 sa ek es CFO) 


The constants from Table XX XVII have the following 
algebraic values, and the notation used is as given below: 


ig eS 
is Wiens ieee “5 ei A aay eee) 
D= ere ee See) 
as! i eet GNe eres Eee) EAD): (80) 
A : aps (1 =e sin’ (referred to new position;) (8 1) 


Mare 1" @ arc 1” 
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in which 
a 
(GG sin’ @) 


a = equatorial radius (Art. 292): 


= normal ending at minor axis; 


N= 


3 


k= —(1 — e*) = radius of curvature of the meridian: 
a : 


p = Ncos ¢ = radius of curvature of the parallel; 


= eccentricity (Art. 292); and 
Og ines i etn Oh COS a. dl Ce Rinne annette Ol 


hk = sB cos a@ or first term. 
Also @ = latitude of known station, + if north; 
A = longitude of known station, + if west; 


a= azimuth to second station from first, with 
careful regard of algebraic signs. 


g’, A’, and a’ = same for new or required position. 


For distances less than twenty-five miles omit the quantities 
depending on the constants D and £, which give the logs, 
(III) and (IV) in example on page 644. Also omit the small 
log. cor. to 4A depending on log. (V); the small correction to 
da depending on log. /; and that to log. (VI) derived from 

Ip 
log. Sec. es 

For distances greater than one hundred miles the following 
formulas should be employed: 


sin 3(y — @) 


tany(a’ -¢ — Zh) 
ama.” “ghar aes cindy 48) 


as . 
cot > >. dae 03) 


cos 4(y — 4) 


tan }(@’ + 6+ dd) = cos Hy + 9) 


a 
Cots wy (Sa) 
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Ss Sesink(a ee pena 


Ras o> seine rena (e's Cn) Pr cos'y(a! —a) |: (85) 


in which vy = colatitude of old point; 


g” = mean latitude of old and new points, 


at a(Il — e’) 
P~ OC —é sin bo)’ 
g= 
asin 
e. a 
ia (1 — e’sin® dF 
eu usin ty : : 
cis 2 eee tee @ sin 2a; 


which are constants for the particular case. 

In terms of the coordinates of rectangular axes referred 
to one of the points of the triangulation, the latitude and 
longitude of which are known,—y being the ordinate in the 
direction of the meridian, and 4 the ordinate perpendicular 
Corle—thie values may be expressed: 


Pa iahe! ost 1”( i ; ( Toase ); 

. PER sin poems N sin 1” a iite °2 sini” ig he) 
x I 

4 JX; 5 Z ° . ry . . > . . 

. £ wae “i a cos @’ (87) 


a’ = (180° a) + >= —,, tan @ 6 AS, ry Ge B22 


The convergence of meridians, or the amount by which the. 
azimuth at one end of a line exceeds the azimuth at the other, 
is expressed by the quantity 
uw sin @ 


mS sin P+) or (A —Ajsind(~+).. (89) 


cos P 
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288. Computation of Geodetic Coordinates : Example. 
—From Fig. 178, platted roughly in proper relation to the 
points of the compass, we are able to ascertain the mode of 
determining the azimuths between the various stations. The 
known side, Chuska—Zufii, is drawn heavier than the others, 
and in the following computations the geodetic coordinates of 


MC KENZIE 


Fic. 178.—CoMPUTATION OF AZIMUTHS. 


both Chuska and Zufii are supposed to have been determined 
previously, the coordinates of McKenzie being desired. 
Drawing north and south lines through Chuska and Zufii, it 
is evident that to obtain the azimuth Chuska—McKenzie 360° 
must be added to the azimuth Chuska—Zufi and the spherical 
angle at Chuska be subtracted from this, the result being the 
azimuth Chuska—McKenzie. Likewise, knowing the azimuth 
of the line Zufii—Chuska, the azimuth of the line Zufi— 
McKenzie is obtained by adding to the former the spherical 
angle at Zufii. 

On pages 644 and 645 is an example of the method of 


computing geodetic coordinates. The order of computation 
consists— 


First, in determining the new azimuths, as just described, 
and as illustrated at the top of the pages of example. 


—— 
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Second, the /atitude of the new point is obtained as shown 
in the left-hand column of either page. The latitude of the 
known point, as Chuska, is written opposite ¢, then a differ- 
ence of latitude, 4¢, is obtained through the process of the 
entire computation shown in the left-hand columns. This 
amount, which is found at the bottom of the left side of the 
page, is then written under the latitude of Chuska with its 
proper algebraic sign, and subtracting it, in this case, the 
latitude of the unknown point, McKenzie, is found. 

Third, the longitude of the new point is obtained as shown 
in the columns on the right-hand side of the pages. These 
are arranged in manner similar to the latitude computation by 
writing the longitude of the known point, A, and then deter- 
mining a difference of longitude, 44, which in the example is 
minus and is therefore subtracted from the longitude of 
Chuska to obtain the longitude of the unknown point, 
McKenzie. The signs in both of the above cases can be veri- 
fied by a diagram showing the relative positions of the points. 
Such a diagram (Fig. 178) shows clearly that McKenzie is 
south of Chuska and its latitude less, and that it is also east 
of Chuska and its longitude therefore less. 

Fourth, the azzmuth computation is performed as shown 
in the lower part of the right-hand columns. This consists in 
determining the back or the reverse astmuth from McKenzie 
to Chuska or Zuni. This is done by determining the differ- 
ence of azimuths, Za, which is written at the top of the right- 
hand column with its proper sign. The latter can be verified 
again by reference to the diagrammatic figure. 

Finally, at the extreme bottom of the right-hand column 
is a fest of the aztmuth computation. This check is had by 
subtracting the back azimuths one from the other and noting 
if the result is equal to the spherical angle at McKenzie. 

Latitude, longitude, and azimuth, or 9, A, and uw, of the 
known points, must have been previously determined by 
astronomic observations (Chaps. XXXIII to XXXV) or from 
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Azimuth @: 
Spherical Angle: 


Azimuth a’: 
4a + 180° 


Azimuth (a): 


LATITUDE. 
o: 38° 1 32.00 
Ag = 29,31 25 
@' 32 42 00.75 


Computation for latitude : 


Chuska — Lunt Coo Boe 
at Chuska —78 15 40 .43 
Chuska — McKenzie ELE OW OEY fv? 
USO MOUZ me Ou mee 
McKenzie — Chuska Tie (09 FLou.0o! 

Geodetic Coordinates. 

LONGITUDE. 
Chuska Ny 109% Si OTS 
An: —4 49 .98 
McKenzie vV 109... §2 19) 225 


Computation for longitude : 


log. s 4.7410079 Table XXXVIII log. s 4.7 410079 
he i) 8.5113533 Se sina cre Ds 13 1272 
CN edsiae 99958779" Icon: for logan s == — 65) pS 8.5092972 

cor. for AA =--O1 ‘* sec. dp’ 0.07 49413 

log. (I) 3.2482391 log. cor. = — 54 “ (V) 2.4623736 

log. s? 9 48201 = Ry 
Vie 1.22086 682 
Sine One Teo! AA = — 289" .980 

log (11) 8.97712 Computation of azimuth : 

log. (V) 2.462368 

log. 235541 P+ Pf Sen sa cd es V 

aS trp 6.4965 2 = 32 56 46" 38 sin. (ete 9.735480 
b 5. 8506 4 

log. (III) SOOO x, ue sec.( ? } 0.000004 

log. E 5.9702 log (VI) 2.197852 
sin? a’ 7.7562 4a T50 tte 
“ (1) 3.2482 = Ot gy" Jie 

log. (IV) 6.9746 

(1) = 21771" .084-+ 

(11) 095+ 

(111) 071+ [I+ II] 2771.18 
(IV) OO oye OE 3 .248263 

— 4p 1771" .249 “(I+ II 6.496526 - 


= — 29 81.26 


COMPUTATION OF GEODETIC COORDINATES. 


Azimuth @: Lunt Chuska EDAD Mi LHe 
Spherical Angle: at Zuni V3 If 6746 
Azimuth a: Zuni _— McKenzie 318 27 385 .69 

4a +180” 180 12 41 49 
Azimuth (a) McKenzie — Luni iheges HO) ti asi} 

Geodetic Coordinates. 
LATITUDE. LONGITUDE. 

QD: Sa OL aL! SF Lunt A: TIO 16s IG 
Ae —22 20 62 AA — 23 22 42 
2) 32 42 00.78 McKenzie NEE LOD So 1D Tee, 


Computation for latitude: 


Computation for longitude: 


log. s 4.7 410852 Table XXXVIII log. s 4,7410352 
Bo aS 8.5118618 KS OG, oat 9.8216079 
pCOStCg EO. S74. 1S7eueuicor Yor tor. S| =| — 55 1) JAY 8.092972 

cor. for log, AA=+ 384 “ sec. h 0.07 49413 
log. (1) 3. 1265842 me 
log. cor. = — 21 log. (V) 8.14688 16 

log. s? 9.48207 — 1 

I 1.21890 OG 


sin. @ 9.64321 


AN 02 22s 


log. (II) 0.84418 Computation of azimuth ; 
log. (V) 3.146880 
log. D 23532 o+d' nee . ea’. e+ gp a 
© TI+II]? 6.2546 D) Se IIE US sin. se 9.734780 
log. (III) 8.6078 sec, a 0.000002 
Zz 
log. E 5.9679 log. (VI) 2.881662 
© 52 sin? a 9.1258 — 4a 761". 49+ 
“ (1) 3.1266 = 1? 41" .49+ 
log. (IV) 8.2198 
Azimuth check. 
nee fad: McK. — Chus 172° 09' 48".55 
( Nag Ce une Iss LOP Ip 18 
(IIT) 0404 [III] 1340.601 —— 
(IV) O17 =" |Noges) ot 3.127299 Check : 38 29 26-87 
as ee : Spher. angle 
—ApIs4o". 624+ | * [I-+II]}® 6.254598 = at McKenzie 33 29 26 37 


=—22' 20" .624 
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computation; the log. s, or length of the known side, has 
been obtained from previous computation (Art. 286). The 
quantities B, C, D, and E are obtained from Table XXXVII 
by using the known latitude, ¢, as an argument. - The quan- 
tity A’ comes from the same table by using the new latitude, 
¢’, as an argument. 

The smali correction dif. log. s is obtained from Table 
XXXVIII by using log. s as an argument. The cor. 4A is 
obtained from the same table by using the argument log. (Vl), 
which is log. JA. In applying these corrections signs must 
be carefully watched. The resulting log. cor. is applied, with 
attention to signs, as a correction to log. (V’). 

The log. 7, which is added to cor. 4A’, is obtained from 
Table XL, using latitude @ as an argument. This correction 
is very- small and is only made in cases of very long distances, 
as in the illustration used. 


I 


The sec. of 6’ =a. c. log. cos ¢’ = ———,,. 
cosin @ 


4 
The sec. ts is obtained from Table XX XIX. 


289. Knowing Latitudes and Longitudes of Two 
Points, to Compute Azimuths and Distances.—This is the 
inverse problem of that considered in the preceding article. 
It not infrequently occurs when the latitudes and longitudes 
of two positions are known that it is desired to find the dis- 
tance between them and their mutual azimuths. This problem 
may prove useful in exploratory surveying when the latitudes 
of two intervisible mountain peaks which differ but little in 
longitude can be determined by sextant or transit, and longi- 
tudes by flashing signals or by chronometer. Then by this 
problem a base for triangulation may be obtained which will 
enable the explorer to rapidly extend the area of his survey. 
Providing the initial points are at a considerable distance 


INVERSE PROBLEM. 647 


apart, the station error will be inappreciable for small-scale 
mapping. Again, in a system of triangulation it may be 
desired to ascertain whether two stations hidden by trees, 
haze, etc., are intervisible. Providing their latitudes and 
longitudes are known or can be computed from other triangula- 
tion points, their initial azimuths may be found from this 
problem, when it will be possible to set up an instrument at 
one station and lay off the exact azimuth to the other for 
guidance in clearing timber or in heliotroping. 

This problem can be readily solved in tabular manner by 
arranging the form of solution used on pp. 644 and 645. 
‘To do this divide JA = sina. A sec ¢ by the first term 


for 49, h=scos a. 8B, whence we get . 
4X.B 
a : 
ton CSCC I A ee a (90) 


If Z were known, this would give the azimuth at once, 
since JA is given. 

The following example shows the method of performing 
the operation. The northernmost point should be used as 
the initial position, then all signs for (I), (II), and (III) are 
+,and for (IV) —. The value of 4A may be either + or —, 
but this sign need only be used in determining in which 
quadrant the azimuth angle @ falls, i.e., the sign of tan a 
(12). An inspection of a rough plot of the position will 
also determine this. The correction to 4A is found from a 
distance scaled off from the plot, and need not be very 
close. In (8) the term (I + II)’ is the square of the difference 
of latitude 4¢ in seconds. Since (IV) is always small, 
log (I) in (¢) may be taken as log of 4A from (10). If 
cos a is smaller than sin a, find s from log s cos @in (11). 
As a check on the work compute the second position, using 
distance and azimuth found as above. The order of solution 
is shown by figures in parentheses. The cosines of latitudes 
are proportional to the intercepted parallels. 
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The results obtained from this problem should be checked 
by computing latitudes and longitudes by the direct method 
as.shown in the example on pages 644 and 645. 


Latitude. 
b= 38° 23' 27’.0 
P = 37 45 09 .3 


Longitude. 
TOA] (32; 048) 22 
104 49 05 .5 =A’ 


Ag= 38' 7 7s O = gq?’ 4A = 16’ 177.34 
= 2297.7 (1) = 8977.3 
log 4g = 3.3612933 
log JA = 2.9900279 + 
log C 1.30360 correction to JA 83+ 
log s? sin? a 8.75770 — 
= 4 2.9900362 
0.06130 (7) 
(G80) = Jers cor. JA 17+ 
As 100 — 
S35 3) 
10S) 5233832 
log (I+ II)* 6.7226 log A’ = 8.5091750 
g.1038 (8) sec s' = 0,1020092 


(III) = + 0.13 


log £ 
log s?sin?a 
log (I) 


6.0711 
8.7577 (9) 
3.3613 


8.1901 


(CLV) =e 05,02 


(II) = + 4.15 
Qil)=-+ .13 
(IV) = —__ .02 (10) 


Sum =-+ 17.26 
Ap = 2297.7 


2206''.4 = difference 


(y= 


8.6111842 (—) 
log JA’ = 2.9900362 (+) 


log s sin @ = 4.3788520 (+) 
log s cos @ = 4.8500742 (—) 


sin a 


Redan (oni eee 95287775 


log (I) = 3.3610475 
log B = 8.5109733 


log s cos & = 4,8500742 
Azimuth = @= 18° 40’ 10'’.8 
(or 180 + this angle) 
log $ sin @ = 4.3788520 
log sin @ = 9.5053013 


Distance (log) = log s = 4.8735507 


(5) 


(6) 


(12) 


(11) 
(13) 


(14) 


SY ———— 


ey ee NO 
~ 


ve ™ 


—_ 
log A | log B log C log D log E 
Lat. diff. 1/7 = — o.c6 diff. 1” = — 0 19 diff. 1’ = + -0.48/diff. 1” = + 0,02) diff. 1’ = + 0.05 
ict 2 
30 00 8.509 3588 8.511 5720 1.16692 2.3208 5 9127 
I 84 18 721 99 30 
| 2 81 06 750 2.3301 33 
| 3 Zhe 8.511 5605 778 02 36 
4 3 84 807 04 39 
05 69 73 836 °5 42 
6 66 02 865 06 45 
7 62 51 804 8 48 
8 58 40 923 09 5I 
9 55 28 952 II 54 
10 | 8.509 3551 8.511 5017 1, 16981 2.3312 5-9157 | 
II 47 06 1,17C¢1I0 14 59 
12 3 8.511 5595 039 15 62 
13 40 84 068 17 65 
14 36 758 097 18 68 
15 32 61 126 19 7t 
16 29 5° 155 21 714 
17 25 39 184 22 77 
18 2t 28 212 24 80 
19 17 17 241 25 83: 
20 8.509 3514 8.511 5505 1.17270 2.3327 5.9186 
2 to 8.511 5404 209 28 89 
22 06 83 328 30 92 
ae o2 72 357 3r 95 
24 8.509 3499 6x 385 32 98 
25 95 49 414 34 5+9200 
26 gt 38 443 35 oF 
27 88 27 472 37 06 
28 84 16 500 38 {ele} 
29 80 o4 529 390 12 
30 8.509 3476 8.511 5303 1.17558 243341 5 +9215 
Se 72 82 587 42 18 
32 69 7t 615 44 2u 
33 | 65 59 644 45 24 
34 | i 48 €73 47 27 
35 57 37 or 48 30 
36 | 54 20 730 49 33 
37 50 14 759 5r 36 
38 46 03 788 52 39 
390 42 8.511 5202 816 54 42 
40 8.509 3439 8.511 5281 1.17845 2.3355 5 +9245 
41 35 69 874 56 48 
42 31 58 go2 58 5t 
3 27 47 931 59 ys) 
“4 24 35 959 60 56 
5 20 2 9 8 62 59 
40 16 5 1.18017 63 62 
47 12 02 045 65 65 
48 09 8.511 5190 074 66 68 
49 05 79 102 67 7 
' 50 8.509 3401 8.511 5168 1.18131 2.3368 5 +9274 
! 5I 8.509 3397 56 160 7° 77 
52 04 45 188 7 80 
ess 90 34 217 3 83 
54 86 22 245 74 86 
55 82 rt 274 76 89 
56 78 fele) 302 Thi 92 
57 75 8.511 5088 331 78 95 
‘i aes 7 27 359 80 9 
| 59 67 66 388 81 5 +9301 
60 8.509 3363 8.511 5054 1.18416 2.3382 5.9304 | 


FACTORS USED IN GEODETIC COMPUTATIONS. 


ANA a) 2OSSOWINE 
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FACTORS FOR COMPUTATION OF GEODETIC LATITUDES, 


LONGITUDES, AND AZIMUTHS. 
(From Appendix No. 9, Report of U. S. Coast and Geodetic Survey, 1894.) 
LATITUDE 30°, 
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° 


Ww 


a] 


Lat. 


fe} 
© CN Qu awon8 = 


TABLE XXXVII. 


FACTORS USED IN GEODETIC COMPUTATIONS. 


LATITUDE 31°. 


log A 


g ‘4 
diff. 1/’ = — 0,06/diff. 1’ = — 0.19/diff. 1/7 = 


8.509 3363 
60 
56 


8.509 3325 
22 


18 
14 
10 


06 


03 
8.509 3299 
95 
gr 


8.509 3287 


4 


8.509 3211 
07 
03 
fore) 
8.509 3196 
g2 
88 


84 
81 
77 
8.509 3173 
69 
65 
61 
57 
54 
50 
46 
42 
38 


8.509 3134 


log B 


log 


| 


log 


a log D E 
+ 0.47\diff. 1/’ = + 0.02 |diff. 1/7 = +-0.05 


8.511 5054 


Ce!) 


8.511 4941 
18 


07 
8.511 4895 


8.511 4827 
15 


04 
8.511 4793 
81 


8.511 4713 
or 
8.511 4690 


78 
67 


09 


8.511 4404 
8.511 4483 


8.511 4391 
79 
8.511 4368 


1.18416 
445 
473 
501 
539 


558 

587 

615 

643 

672 
1.18700 
729 
757 
785 
813 
842 
870 
898 
927 
955 
«18983 
+1g012 
040 
068 
096 


a) 


125 
153 
181 
209 
238 
1.19266 
204 
322 
351 
379 


407 
435 
463 
491 
520 


1.19548 
576 
604 
632 
660 
688 
716 
744 
772 
800 


i) 


+19828 
856 
884 
gi2 
940 
968 
996 
+20024 
052 
080 


cl 


co) 


+20108 


2.3382 5 +9304 
84 07 
85 10 
86 13 
88 16 
89 9 
go 22 
g2 25 
93 28 
95 31 
2.3396 5+9334 
97 37 
99 39 
2.3400 42 
or 45 
o2 48 
04 st 
05 54 
06 57 
08 60 
2.3409 5 +9363 
10 66 
12 69 
13 72 
= 75 
16 78 
17 8x 
18 84 
20 87 
2I go 
CREE 5-9393 
23 96 
25 99 
26 5-9402 
27 05 
29 08 
3° Ir 
31 Iq 
33 17 
34 20 
23435 5 +9423 
36 26 
38 29 
39 32 | 
ao 35 
41 38 
43 41 
44 44 
45 47 
47 5° 
2+3448 5+9453 
49 56 
5° 59 
52 62 
53 65 
54 68 
5) 72 
57 75 
58 78 
59 8r 


OE ———E————— 


FACTORS USED IN 


A 


Co 8.509 2901 8.511 3669 


8.509 3134 
31 


8.509 3057 
53 


95 


8.509 2940 
37 
33 
29 
25 


FACTORS USED. IN GEODETIC COMPUTATIONS. 651 
TABLE XXXVII. 
GEODETIC COMPUTATIONS. 
LATITUDE 32°. 
log log B log C , log 2 log £ | 
diff. 1/’ = — 0,06|diff. 1/’ = — o.19/diff. 1” = +-0.46|diff. 1’” = +-0.02 | diff. 1’’ = + o.05 
8.511 4368 F. 20108 2.3460 5.9484 
56 1% 62 87 
44 164 63 _ 90 
33 192 64 93 
2i 220 65 96 
10 248 67 99 
8.511 4208 276 68 5.9502 
87 304 69 05 
75 332 7° 08 
63 360 71 11 
8.511 4252 1.20387 2.3473 5.9514 
40 415 74 17 
29 443 75 20 
17 471 76 23 
°5 499 78 26 
8.51 4194 527 79 29 
82 555 80 32 
7 582 81 35 
59 610 82 38 
47 628 84 41 
8.511 4136 1.20666 2.3485 5.9544 
24 694 86 47 
13 722 87 50 
OL 749 88 53 
8.511 4089 777 go 56 
78 805 gr 60 
66 833 92 63 
54 860 93 66 | 
43 888 94 69 | 
31 916 gO 72 
8.511 4020 1.26044 2.3407 5.9575 
08 971 98 78 
8.511 3096 999 99 81 
85 1.21027 2.3500 84 
73 054 o2 87 
61 082 03 go 
50 110 O4 93 
38 137 05 g6 | 
26 165 06 09 
15 193 07 5.9602 | 
8.511 3903 1.21220 2.3509 5 +9605 | 
8.511 3891 248 bo) 08 | 
79 276 11 Ir 
68 303 12 15 
56 331 13 18 | 
44 358 14 21 | 
33 386 16 24 
21 414 ay f 27 i 
tele} 441 18 30 
8.511 3798 469 19 33 
8.511 3786 1.21496 2.3520 5.9636 
74 524 21 39 
63 551 23 ae 
51 579 24 45 
39 607 25 48 
27 634 26 51 
16 662 27 54 
o4 689 28 58 
8.511 3692 717 29 61 
80 744 31 64 
1.21772 j 2.3532 5.9667 } 
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TABLE XXXVII. 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 33° 


— i 
log A log B log C log D log £& 
Lat \diff. 1/7 = — 0.07| diff. 1// = — 0.20|\diff. 1/’= + 0.45| diff 1/’= Hardt 1//= + 0.05 
Sn, 
33 00 8.509 2901 8.511 3669 1.21792 2.3532 5.9667 
k 8.509 2897 57 799 23 7° 
2 94 45 827 34 73 
3 go 33 854 35 76 
4 86 22 882 36 79 
05 82 10 go9 37 82 
6 78 8.511 3598 937 38 85 
7 74 86 964 40 83 
8 79 75 992 4z Oe 
9 66 63 I,22019 42 95 
10 8.509 2862 8.511 3551 1.22047 243543 5.9698 
It Soa} 39 074 44 5+9701 
12 54 28 101 45 o4 
13 5I 16 129 46 07 
14 47 04 156 47 Io 
15 j 43 8.511 3492 184 49 13 
16 39 80 211 50 16 
17 35 69 238 51 19 
18 31 57 266 52 22 
19 27 45 293 53 26 
20 8.509 2823 8.51% 3433 1.22321 2.3554 59729 
2r 19 20 348 55 32 
22 15 To 375 56 35 
23 It 8.511 3398 403 57 38 
24 07 86 430 58 41 
25 03 74 457 60 . 44 , 
26 8.509 2799 62 455 61 47 
e7 95 pe 512 62 50 
28 gt 39 539 63 53 
29 88 27 567 64 57 
30 8.509 2784 8.511 3315 1.22594 2.3565 9760 
31 80 03 621 66 2 a 
32 76 8.511 3291 648 67 66 
33 72 80 676 68 69 
34 68 68 703 69 72 
35 64 56 73° 7° 5 
3 : 7 
36 60 44 757 7t 78 
37 56 32 785 73 8r 
38 52 20 812 74 85 
39 48 09 839 75 88 
40 8.509 2744 8.511 3197 1.22866 2.3576 5 +9791 
41 40 85 893 77 94 
ae 36 73 g2t 78 97 
- 43 32 6x 948 79 5+9800 | 
44 28 49 975 80 03 
45 24 37 1.23002 81 06 
46 20 25 029 82 Io 
47 16 13 057 83 13 
48 12 02 084 84 16 
49 08 8.511 3090 III 85 19 . 
50 8.509 2704 8.511 3078 1.23138 2.3586 
so of 3078 me ae fas 
52 8.509 2697 54 192 88 28 . 
53 93 42 220 89 ir 
54 89 30 247 oie a | 
55 85 18 274 92 
5 81 06 301 93 - 
5g 77 8.511 2995 328 94 44 
5 73 83 355 95 47 | 
59 69 7 382 96 50 
60 8.509 2665 8.511 2959 1.23409 2.3597 5.9853 | 
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DABLE XN NV IT, 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 34° 


log A 


g gs 
diff. 1’ =— 0.07] diff. 1” 


lo 


B 


log C 


— o.20]diff. 1/’= +0 45 


log D 
diff. 1/’= + o.02 


8.509 2665 
6x 


an 
53 


Oy 
8.509 2597 
ie} 
23 
89 


8.509 2585 
8r 


41 


8.509 2505 
lope 
8.509 2497 
93 
89 
85 
8t 
77 
73 
69 


8.509 2465 
6 


57 
oo 


8.599 2425 


8.511 2959 


8.511 


8.516 


8.511 


8.511 


8.511 


8.511 
8.511 


8.511 
8.511 


8.511 


8.511 


8.511 


1.23409 
437 
464 
49 
518 


545 
572 
599 
626 
653 
1.23680 
7°7 
734 
761 
788 


815 
842 
869 
896 
923 
1.23950 
977 
1.24004 
031 
058 
085 
112 
139 
165 
192 


1.24219 
246 
273 
300 
327 
354 
381 
408 
434 
461 


1.24488 
515 
542 
569 
595 
622 


1.25024 


2.3597 
98 
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(ZABLE ERO Vall: 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 35°. 


log A | log B log C log D log £ 
Lat. | diff. 1/7 = —0.07\ diff. 1/ = — 0,20/ diff, we + 0.44 | diff. 1/7 = + 0.01 |diff. De + 0.05 
| °o ) 
35 00 8.509 2425 8.511 2239 1.25024 2.3656 6 0043 
I 21 27 050 57 47 
2 17 15 077 58 50 
3 13 03 104 59 53 
4 09 8.511 2191 131 59 56 
05 05 78 157 60 59 
6 or 66 184 61 63 
7 8.509 2396 54 211 62 66 
8 93 42 237 63 69 
9 88 30 264 64 72 
ro 8.509 2384 8.511 2118 1.25201 2.3665 6.0075 
Ir 80 06 317 66 79 
12 76 8.511 2004 344 67 82 
ae) 72 82 371 68 85 
14 68 7o 397 69 88 
15 . 64 57 424 7° 2 91 
16 60 45 451 7° 95 
17 56 33 477 7 98 
18 52 21 £04 72 6.0101 
19 48 y 09 531 73 O4 
20 8.509 2344 8.511 1997 1.25557 2.3674 6.0107 
2r 40° 85 584 75 Ir 
22 36 72 610 70 14 
23 32 60 637 77 17 
24 28 48 664 78 20 
25 24 36 690 79 22 
26 20 24 717 79 27 
27 16 12 743 80 30 : 
28 12 00 77° 81 33 
29 08 8.511 1887 - 796 82 36 
30 8.509 2304 8.511 1875 1.25823 2.3683 6.0140 
31 oo 63 850 84 43 
32 8.509 2296 51 876 85 46 
33 92 39 993 86 49 
34 87 27 929 86 52 
35 83 15 956 87 56 
36 79 02 982 88 59 
37 75 8.511 1790 1.26009 89 62 
38 7t 78 035 go 65 
39 67 66 062 or 69 N 
40 8.509 2263 8.511 1754 1.26088 2.3692 6.0172 
41 59 41 115 93 75 
42 55 29 141 93 78 
| 43 5t 17 168 04 Sr 
44 47 95 194 95 85 
45 43 8.511 1693 221 96 88 
46 39 80 247 97 Qt 
47 35 68 274 98 o4 
48 31 56 300 99 98 
49 27 44 327 99 6.0201 
50 8.509 2222 8.5¢1 1632 1.26353 2.3700 6.0204 
51 18 20 380 or 07 
52 14 07 406 02 II 
53 10 8.511 1595 432 03 14 
54 06 83 459 04 17 
$5 o2 7 485 ° 
56 8.509 2198 58 512 ee af 
57 94 46 538 06 27 
58 go 34 505 07 30 
59 86 22 591 08 33 


60 8.509 2182 8.511 1510 1.26617 2.3709 6.0237 
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TABLE OGX & ViLIe 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 36°. 


log A log B log C log D log £ 

Lat. qiff. 1/7" = — 0.07/diff. 1/7 = — o,20]diff, 1/7 = + 0.44] diff. 1/’ = + o,o1|diff, 1// = + 0.05 

o - | | 
36 00 8.509 2182 8.511 1510 1.26617 2.3709 6.0237 
I 78 8.511 1497 644 Io 40 
2 74 85 670 To 43 
3 79 | 73 697 age 46 
4 65} 6r 723 12 50 
05 61 48 749 13 : 53 
6 57 36 776 14 56 
7 53 24 802 a4 59 
8 49 12 828 15 63 
9 45 8.511 1399 855 16 66 
10 8.509 2141 8.511 1387 1.26881 2.3717 6.0269 
1I 37 73 908 18 72 
12 33 63 934 19 76 
13 29 5° 960 19 79 
14 25 38 987 20 82 
15 21 26 1.27013 2r 85 
16 16 14 039 22 89 
17 12 or 066 23 92 
18 08 8.511 1289 og2 23 95 
19 04 77 118 24 99 
20 8.509 2100 8.511 1265 1.27145 2.3725 6.0302 
21 8.509 2096 52 171 26 05 
22 g2 40 197 27 08 
23 88 28 223 27 12 
24 84 15 250 28 15 
25 80 03 i 276 29 18 
26 75 8.511 1191 302 30 2 
27 71 79 329 3t 25 
28 67 66 355 31 28 
29 63 54 381 32 31 
30 8.509 2059 8.511 1142 1.27407 2.3733 6.0334 
3r 55 29 434 34 38 
32 5st 17 460 35 41 
33 47 °5 486 35 44 
34 43 8.511 1092 512 36 48 
3 39 80 539 37 5st 
= 35 68 565 38 54 
37 30 56 591 38 57 
38 26 43 617 39 or 
39 22 3t 644 40 64 
40 8.509 2018 8.511 1019 1.27670 2.3741 6.0367 
41 14 06 696 41 7t 
42 10 8.511 0994 722 42 74 
43 06 82 748 43 77 
44 o2 69 775 44 80 
84° 
45 8.509 1998 57 801 45 

46 93 45 827 45 87 
47 83 32 853 46 go 
48 85 - 20 879 47 94 
| 49 81 08 905 48 97 
50 8.509 1977 8.511 0895 1.27932 2.3748 6.0400 
51 73 83 958 49 03 
52 69 7z 984 5° °7 
53 65 58 1.28010 5t 10 
54 61 46 036 52 73 
5 6 34 062 52 17 
26 Sa 21 088 53 20 
= 48 0g 114 54 23 
58 44 8.515 0797 141 54 27 
59 40 By 167 55 30 

60 8.599 1936 8.511 0772 1.28193 2.3756 6.0433 | 


656 COMPUTATION OF DISTANCES AND COORDINATES. 


TAPLE XXX VIL 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 37°. 


——— 
log A log B log C log D log & | 
Lat. diff. 1// = — 0.07 |diff. 1/” = — 0.21| diff. 1” j= +-0.43/diff. 1/’ = + 0.0r/diff. 1/’ = + 0.05 
° / 
37 00 8.509 1936 8.511 0772 1.28193 2.3756 6.0433 
I 32 60 219 56 37 
2 28 47 245 57 40 
3 23 35 271 58 43 
4 19 22 297 59 46 
os a5 10 324 59 5° 
6 ry, 8.511 0698 350 60 53 
7. 07 85 376 61 56 
8 03 73 402 62 60 
9 8.509 1899 61 428 62 63 
10 8.509 1895 8.511 0648 1.28454 2.3763 6.0466 
11 go 36 480 64 7° 
12 86 23 506 65 73 
13 82 It 532 65 76 
14 78 8.511 0599 558 66 80 
15 74 86 584 67 83 
16 7o 74 610 67 86 
17 66 61 636 68 89 
18 62 49 662 69 3 
19 57 37 688 69 96 
20 8.509 1853 8.511 0524 1.28715 2.3770 6.0409 
21 49 12 741 71 6.0503 
22 45 fele) 767 72 06 
23 41 8.511 0487 793 72 09 
24 37 75 819 73 13 
25 33. 62 . 845 16 
26 28 50 871 a 19 
27 24 37 807 75 23 
28 20 25 923 76 26 
29 16 13 949 76 29 
30 8.509 1812 8.511 0400 1.28975 2. 6.9 
31 08 8.511 0388 I.2Q001 sets = 
32 04 75 27 79 39 
33 00 63 053 79 43 
34 8.509 1795 51 °79 80 46 
35 gt 38 104 81 
oe 7 26 130 81 33 
ove 83 13 156 82 50 
38 79 oI 182 83 59 
39 75 8.511 0288 208 83 63 
40 8.509 1771 8.511 0276 1.29234 2.378 6.0566 
41 66 64 260 ee re 
42 62 5t 286 85 73 
43 58 39 312 86 76 
44 54 26 338 87 79 
45 5° 14 364 8 24 
46 46 or 390 88 3¢ ! 
47 41 8.511 0189 416 89 89 
48 37 76 442 89 93 
49 33 64 468 go 96 
50 8.509 1729 8.511 o15t 1.29494 2.3791 6.0650 
5! 25 39 520 QI 03 
52 2t 26 546 g2 06 
53 16 14 571 93 10 
54 Le o2 597 93 13 
55 08 8.511 0089 623 94 16 
56 04 77 649 95 20 
57 ee 64 675 95 23 
58 8.509 1696 52 7OI 96 26 
59 92 39 727 06 30 
60 8.509 1687 8.511 0027 1.29753 2.3707 6.0633 | | 
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SAREE OC XEXOVA TI. 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 38°. 


log A log B log C log D lo 
Lat diff. be — 0.07 |diff. 1/7 = — o.21 diff. 1/’ = + 0.43} diff. ee + o.o1/diff. 1/ 
° ‘ 
38 00 8.509 1687 8.511 0027 1.20753 2.3797 6.0633 
1 83 24m || 778 98 
2 79 02 804 98 
3 75 ,8.510 9989 830 99 
4 71 77 856 2.3800 
o5 67 64 882 0° 
6 62 52 908 ol 
7 58 39 934 02 
8 54 27 959 02 
9 5° 14 985 03 
10 8.509 1646: 8.510 ggoz 1. 30011 2.3803 6.0667 
ir 42 8.510 9889 037 04 
12 37 77 063 °5 
LS 33 64 089 05 
14 29 52 114 06 
15 25 39 140 07 
16 2 27 166 07 
17 17 14 192 08 
18 12 o2 218 08 
1g 08 8.510 9789 243 °9 
20 8.509 1604. 8.510 9777 1.30269 2.3810 6.0701 
21 fore) 64 295 10 o4 ) 
22 8.509 1596 52 321 Pei 07 
23 92 39 347 12 II 
24 87 27 372 12 14 
25 83 14 398 13 17 
26 79 or 424 13 21 
27 75 8.510 9689 450 14 24 
28 7z 77 476 15 28 i 
29 66 64 501 15 31 
30 8.50g 1562 8.510 9652 1.30527 2.3316 6.0734 
31 58 39 553 16 38 
32 54 27 579 17 At 
33 5° 14 » 604 17 44 
34 46 or 630 18 48 
35 41 8.510 9589 656 19 51 
36 37 76 682 19 55 
37 33 64 7°7 20 58 
38 29 50 733 20 61 
39 25 39 759 an 65 
40 8.509 1521 8.510 9526 1.30785 2.3822 6.0768 
4t 16 14 810 22 72 
42 12 | or 836 23 75 
43 08 8.510 9488 862 23 78 
44 O4 76 887 24 82 
45 00 63 913 24 85 
40 8.509 1495 5 939 25 89 
47 gL 38 965 26 92 
48 87 26 990 26 95 
49 83 13 1.31016 27 99 
o 8.509 1 8.510 g4or 1.31042 2.3827 6.0802 
2 a eid 8.510 3388 067 28 06 
52 72 76 093 28 ©9 
53 66 63 119 29 13 
54 62 50 144 30 16 
8 38 170 3° 19 
3B : 25 196 31 23 
57 49 13 22 31 26 
58 45 00 247 32 30 
59 4 8.510 9287 2973 32 33 
60 8.509 1437 8.510 9275 1.31209 2.3833 6.0836 
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TABLE XXXVII. 


FACTORS USED IN 'GEODETIC COMPUTATIONS. 


LATITUDE 39°. 


a 
Tat _ log A pe loge 5. oO log se _ log D _ log & 
diff. 1/’ =— 0.07] diff. 1/7 =— 0.21 diff. 1//= 4- 0.43 | diff. 1/’= + 0.01]diff. 1’’= + 0.06 
° , = 
39 00 8.509 1437 8.510 9275 1.31299 2.3833 6.0836 | 
I 33 62 324 33 4° 
2 28 5° 35° 34 43 
3 24 37 375 35 47 
4 20 25 401 35 5° 
05 16° 12 427 36 53 
6 12 8.510 9199 452 36 57 
7 07 87 478 37 60 
8 03 74 504 37 64 
9 8.509 1399 62 529 38 67 
To 8.509 1395 8.510 9149 1.31555 2.3838 6.0871 
Ir Qu 36 581 39 74 
12 36 24 606 39 77 
13 82 It 622 2.3840 81 
14 78 8.510 9098 65 40 84 
15 74 86 683 4t 88 
16 79 73 729 4I gt 
17 65 6r 734 42 95 
18 61 48 760 43 98 
19 57 36 786 43 6.ogo2 
20 8.509 1353 8.510 9023 1.31811 2.3844 6.0905 
2U 49 10 837 44 08 
22 44 8.510 8998 8f2 45 12 
23 40 85 888 43 15 
24 36 73 913 46 19 
25 32 60 939 46 22 . 
26 28 47 965 47 26 
27 23 35 990 47 29 
28 19 22 1.32016 48 32 
29 15 09 o4t 48 36 
30 8.509 1311 8.510 8897 1.32067 2.3849 6.0939 
3r °7 84 092 49 43 | 
32 02 72 118 2.3850 46 
33 8.509 1298 59 144 50 50 
34 94 46 169 st 53 
35 Ske? 34 19 t 
36 86 2I Ba e ae 
37 81 08 246 52 63 
38 17 8.510 8746 271 53 67 
39 73 83 207 53 7° 
40 8.509 1269 8.510 8771 1.32323 2.3854 6.0974 
4X 64 58 348 54 77 
42 60 45 374 55 8r 
43 56 33 399 55 84 
44 52 20 425 56 88 
45 48 07 450 Gn gr 
46 83 8.510 8695 476 . 95 
47 39 82 gor 57 98 
48 35 69 527 57 6.1002 
49 31 57 552 58 °5 
50 - 8.509 1227 8.510 8644 1.32578 2.3858 6.1008 
5st 22 31 603 59 12 
ee 18 19 629 59 15 
53 14 06 654 2.3860 19 
54 be} 8.510 8593 680 60 22 
55 06 8r 705 6r 26 
56 or 68 731 6r 29 
57 8.509 1197 Lee 756 62 33 
58 93 43 782 62 36 
59 oe 


8.509 1184 
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TABER. XXXVIT. 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 40°, 


log A’ log B log C log D log 
Lat. diff. x’” =— o.07/ diff, 1/7 =— @rey life ee + 0.42 | diff. ges + 0.01 |diff. pe A, 0.06 

/ - 

fore) 8.509 1184 8.510 8517 1.32833 

I 80 05 858 

2 76 8.510 8492 884 

3 72 79 9°9 

4 67 67 935 

05 63 54 g60 

6 59 41 986 

7 55 29 1.33011 

8 50 16 037 

9 46 03 062 

8.509 1142 8.510 8391 1, 33088 

38 78 113 

34 65 139 

29 53 104 

25 40 189 

2I 27 215 

17 15 240 

12 02 266 

08 8.510 8289 291 

04 77 317 

8.509 1100 &.510 8264 1.33342 

8.509 1096 st 368 

gt 38 393 

87 26 418 

83 13 . 444 

79 oo 469 

74 8.510 8188 495 

72 75 520 

66 62 546 

62 5° 571 

8.509 1057 8.510 8137 1.33596 

53 24 622 

49 Ir 647 

45 8.510 8099 673 

41 86 698 

36 73 723 

32 6x 749 

28 48 774 

24 35 800 

19 23 825 

8,509 1015 8.510 8010 1.33850 

ei 8.510 7997 876 

07 84 gor 

o2 72 926 

8.509 0998 59 952 

94 46 977 

go 33 1.34003 

85 21 028 

81 08 053 

77 8.510 7895 079 

8,509 0973 8.510 7883 1.34104 

68 70 129 

64 57 155 

60 44 180 

56 32 206 

52 mg | 231 

47 06 256 

43 8.510 7793 282 

39 81 307 

34 68 332 


8.509 0930 8.5107755 | 1.34358 
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log A 
diff. 1// = — 0.07 


8.509 0930 
26 


22 
18 
13 
°9 
5) 


00 
8.509 0896 
g2 

8,509 0888 
3 


8.509 0845 
41 
37 
32 
28 
24 
20 
15 
II 
o7 
8.509 0893 
8.509 0798 


8.509 0760 
56 


52 
47 
45 


39 
35 
30 
26 
22 


8.509 0718 
13 


°9 
05 
00 
8.509 0696 
g2 
88 
83 
79 


8 


oo 


8 


TABLE XXXVII. 
FACTORS USED IN GEODETIC COMPUTATIONS. 


LATITUDE 41°. 


log B log C 
iff. 1’ = — o,21|\diff, 1’ = +-0.42 
+510 7755 1.34358 

42 383 
30 408 
17 434 
04 459 
510 7691 484 
79 510 
66 535 
53 560 
4° 586 
.510 7628 1.34611 
15 636 
o2 662 
+510 7590 687 
77 712 
64 738 
5st 763 
39 788 
26 814 
13 839 
+510 7500 1.34864 
«510 7488 890 
75 915 
62 940 
49 965 
36 gor 
24 1.35016 
Ir O41 
+510 7398 066 
85 og2 
+510 7373 1.35117 
60 142 
47 168 
34 : 193 
22 218 
09 243 
+510 7296 269 
83 204 
72 319 
58 345 
+510 7245 135370 
32 395 
19 420 
07 446 
.510 7194 471 
81 496 
68 522 
55 547 
435 572 
3° 597 
«510 7117 1.35623 
04 648 
+510 7091 673 
79 698 
66 723 
53 749 
4° 774. 
yy 799 
15 824 
02 8-0 | 


8.510 6989 


| 60 8.509 0675 | 


o7 63 
1-35875 2.43907 6.1467 q 


log D \ log & 
diff. 1’ = + 0.01 /diff. 1/’ = + 0.06 
et esa 


ie 


aE 


i 


Lat. 
‘ 
oo 


:~ 
nN 


° 
AN AW WN 


Ko} 


FACTORS USED.IN GEODETIC COMPUTATIONS. 


TABLE XXXVII. 


FACTORS USED IN GEODETIC COMPUTATIONS. 


LATITUDE 420°, 


661 


log a 
diff. 1/’ = — 0,07 


8.509 0675 


8.509 0504 
00 
8.509 0496 


8.509 0419 


| 


log B 


| 


log C 


log D 


log £ 


diff..1/’ = —o.21\diff. 1/” = +-0.42| diff. 1/” = + 0.00/diff. 1” = + 0.06 


8.510 6989 


fore) 
8.510 6887 
74 
8.510 6861 
48 
36 
23 
10 


8.510 6797 
84 
72 
59 
46 
8.510 6733 
20 


o7 
8.510 6695 
82 


8.510 6605 
8.510 6592 


79 
66 


02 
8.510 6490 
8.510 6477 

4 


00 
8.510 6387 
74 
61 
8.510 6348 
= 


10 
8.510 6297 
84 
qt 
59 
46 
33 
8.510 6220 


| 


1.35875 
goo 


925 
gst 
976 
1.36001 
026 
052 
°77 
102 


~ 


-36127 
152 
178 
203 
228 


253 
278 
304 
329 
354 


+ 36379 
404 


H 


H 

ww 
foay 
a 

w 
~ 


4 

w 
[ony 
co 
ce 

Ww 


” 
we 
y 

8 
a) 


~ 
w 
N 
~ 
¥. 
on 


2.3910 


2.3917 


662 COMPUTATION OF DISTANCES AND COORDINATES. 


TALE ROOOWING 
FACTORS USED IN GEODETIC COMPUTATIONS. 


LATITUDE 43°. 


log C 


diff. 1’ = + 0.42 


log Di 
diff. 1’ = + o.oo/diff, 1/7 = +o 


log £ 


=| 


log A log’B 
Lat. . diff. 1/7 = — 0.07 |diff. 1’ = — 0.21 
8.509 0419 S [bt G29 
14 O7 
10 8.510 6195 
06 82 
oI 69 
8.509 0397 56. 
93 43 
89 30 
84 17 
80 5 
8.509 0376 8.510 6092 
71 79 
67 66 
63 53 
59 4° 
54 Be 
50 15 
46 oz 
41 8.510 5989 
37 76 
8.509 0333 8.510 5063 
2G 5° 
24 38 
20 25 
16 12 
12 8.510 5899 
07 86 
03 73 
8.509 0299 60 
94 48 
8.509 0290 8.510 5835 
86 22 
82 °9 
77 8.510 5706 
73 83 
69 is 
: : 
fo} 45 
56 Be 
52 19 
8.509 0247 8.510 5706 
43 8.510 5693 
39 81 
34 68 
30 55 
26 42 
22 29 
17 16 
13 03 
; 0g 8.510 5591 
8.509 0204 8.510 5578 
oo 65 
8.509 0196 52 
g2 39 
87 26 
83 13 
79 o1 
74 8.510 5488 
7O 75 
: 66 62 
8.509 0162 8.510 5440 


i] 


4 


4 


4 


i 


cl 


~ 


+37386 


412 


» 


+3925 


6.1684 
88 


6.1831 
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AVANT O-O.ONa Ile 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 44°, 


log A log B log log log £ 
diff. ees — 0.07 |diff. 1’” = — 0.21 |diff. 1’ cae 42| diff, 1/7 on diff, ure + 0.06 
7) ; 
re) 8.509 0162 8.510 5449 1.38894 2.3930 6.1905 
I 57 36 919) al 30 09 
z 53 23 945 30 13 
3 49 or 97° 30 17 
4 44 8.510 5388 995 30 20 
05 40 75 1.39020 31 24 
6 36 62 045 31 28 
7 3t 49 070 31 31 
8 27 36 095 31 35 
9 23 23 120 3r 39 
10 8.509 o119 8.510 5311 1.39145 2.3931 6.1943 
II 14 07 171 31 46 
12 10 8,510 5205 196 31 50 
13 06 82 221 31 54 
14 o2 69 246 31 58 
15 8.509 0097 56 271 31 6x 
16 93 43 296 3x 65 
17 89 30 321 32 69 
18 84 18 346 32 72 
19 80 o5 371 32 76 
20 8.509 0076 8.510 5192 1.39396 2.3932 6.1980 
21 72 79 422 32 84 
22 67 66 447 32 87 
23 63 i 53 472 32 g1 
24 59 40 497 32 95 } 
25 54 28 522 32 99 
26 50 15 547 32 6.2002 
27 46 02 572 32 06 
28 42 8.510 5089 597 32 10 
29 37 76 623 32 14 
30 8.509 0033 8.510 5063 1.39648 2.3932 6.2017 
31 29 : 50 673 32 21 | 
32 24 37 698 32 25 | 
33 20 25 723 33 29 
34 16 12 748 33 32 | 
35 Ir 8.510 4999 773 33 36 
3 07 86 798 33 40 
37 03 73 823 33 44 
38 8.508 9999 _60 848 33 47 
39 94 47 873 33 51 
4° 8.508 g990 8.510 4935 1.39898 2.3933 6.2055 
41 36 22 924 33 59 
42 81 09 949 33 62 
43 7 8.510 4896 974 33 66 
44 73 83 999 33 7° 
45 69 7° 1.40024 33 74 
46 64 57 049 33 77 
47 60 44 °74 33 = 
48 56 32 099 33 5 
49 er 19 124 33 89 
50 8.508 9047 8.510 4806 1.40149 2.3933 6 2007 
51 43 8.510 4793 ° 174 33 . 9 
52 39 80 200 33 5, 2100 
53 34 67 225 33 o4 
54 30 54 250 33 ° 
55 26 41 275 33 ur 
56 21 29 300 33 15 
57 17 16 325 33 19 
58 13 03 350 33 23 
59 09 8.510 4690 375 33 27 


60 8.508 9904 8.510 4677 + 40400 | 2.3933 6.2130 
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TABLE XXXVII. 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 45° 


i log A log B log C log D log E 
Lat diff. 1/” = — 0,07] diff. 1/’ =— 0.21 diff. 1”’= + 0.42| diff. 1/’= + 0.00 diff. xia 
pac eae rs 
° , . 
45 00 8.508 9904 8.510 4677 1.40400 2.3933 6.2430 
r co 64 425 33 
2 8.508 9896 51 450 33 
G) gt 39 475 34 
4 87 26 5or 34 
05 83 13 526 34 
6 78 (ole) 551 34 
7 74 8.510 4587 576 34 
8 7° 74 601 34 
9 66 61 626 34 
10 8.508 9861 8.510 4548 1.40651 2.3934 6.2168 
Ir 57 36 676 34 
12 53 23 7Oor 34 
13 48 10 727 34 
14 44 8.510 4497 752 34 
15 40 84 777 33 
16 36 qt 802 33 
17 gi 59° 827 33 
18 27 46 852 33 
19 23 33 877 33 
20 8.508 9818 8.510.4420 1.40902 2.3933 6.2206 
21 14 o7 927 33 
22 10 8.510 4304 952 33 
23 06 Bx 978 33 
24 OL 68 1.41003 33 
25 8.508 9797 56 028 33 
26 3 43 053 33 
a7 88 30 078 33 
28 84 17 103 33 
20 80 o4 128 33 
30 8.508 9776 8.510 429% 1.41153 2.3933 6.2244 
31 qt 78 178 33 
32 67 65 203 33 
33 63 52 229 33 
34 58 40 254 33 
35 54 27 279 
36 50 14 304 2 
37 46 or 329 33 
38 4t 8.510. 4188 354 33 
39 37 75 379 33 
8.508 9733 8.510 4162 1.41404 2.3933 6.2283 
2 49 429 33 
24 37 454 33 
a0 24 479 33 
6 oS: 505 33 
a 8.510 4098 530 33 6.2302 
a ns es 33 
i 2 580 
8.508 9698 60 605 - 
94 47 630 32 
8.508 9690 8.510 4034 1.47655 2.3932 6.2321 
86 2 680 32 
82 08 705 32 
78 8.510 3995 73% 32 
74 82 736 32 
68 69 8 
Zor 3 
64 | 57 806 32 
60 44 831 32 
55 Si 856 32 
5t 18 881 32 
8.508 +510 3905 5 
5308 9647 8.510 3905 1.41906 2.3932 6.2359 


FACTORS USED-IN GEODETIC COMPUTATIONS. 


TABLE XXXVII. 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 46° 


665, 


log A log B log C log D log & 
Lat Agee. 0.07] diff. es o.2r|diff. 1/’= + 0.42] diff. 1/’= — 0.00 dies ++ 0.06 
/ 
8.508 9647 8.510 3905 1.41906 2.3932 6.2359 
3 8.510 3802 O3t 32 63 
38 79 957 3r 67 
34 67 982 3r 7 
. je} 
© 54 1.42007 31 75 
25 4L 032 31 79 
21 28 057 31 82 
17 15 082 31 86 
13 02 107 31 go 
08 8.510 3789 132 31 a4 
8.508 g604 8.510 3776 1.42157 2.3931 6.2398 
00 64 183 31 6.2402 
8.508 9595 51 208 31 06 
gt 38 233 30 a9 
87 25 258 30 13 
83 12 283 30 17 
78 8.510 3699 308 30 au 
74 86 333 30 25 
7° 74 358 3° 29 
65 61 384 30 33 
8.508 9561 8.510 3648 1.42409 2.3930 6.2436 
57 35 434 30 40 
53 22 459 30 44 
48 09 434 29 48 
44 8.510 3596 509 29 52 
40 84 534 29 56 
35 71 559 29 60 
3r 58 584 29 54 
27 45 610 29 67 
23 32 635 29 72 
8.509 9518 8.510 35190 1.42660 2.3929 6.2475 
14 06 685 29 79 
10 8.510 3404 710 28 83 
05 8r 735 28 87 
oI 68 700 28 gi 
8.508 5 786 28 | 95 
3 ee 2 8rr 28 99 
88 29 836 28 6.2502 
84 17 861 28 06 
80 O4 886 28 10 
8.508 9475 8.510 3301 1.42911 2.3927 6.2514 
71 78 936 27 18 
67 65 96 27 22 
| 63 52 987 27 26 
58 39 1.43012 27 30 
2 O27 27 34 
ee co 062 27 38: 
45 or 087 26 4t 
40 8.510 3288 112 26 45 
37 75 137 26 49 
8.508 8.510 3262 1.4316 2.3926 6.2553 
; 9433 alee 49 138 26 57 
24 37 233) 26 6r 
20 24 238 26 65 
16 It 263 25 69 
II 8.510 3198 288 25 fs 
07 85 3% 25 7 
03 72 339 2 Ba 
| 8.508 9398 60 364 25 a 
94 47 389 25 
8.598 9390 8.510 3134 £43414 2.3024 6.2592 
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SRA DOOOAvINe 


FACTORS USED IN GEODETIC COMPUTATIONS. 
LATITUDE 47°. 


log A log B log C log D log & 


Lat. diff. 1/7 = — 0.07 diff. 1’ = — 0.21|diff. x’ = +-0.42/diff. 1” = + 0.00] diff. 1/7 = + 0.09) 
° y i 
47 00 8.508 9390 8.510 3134 1.43414 2.3024 6.2592 
I 86 21 439 24 g6 
2 81 08 465 24 6.2600 
3 77 8.510 3095 490 24 O4 
a 73 82 515 24 08 
05 68 79 540 24 12 
6 64 57 565 23 10 
7 60 44 590 23 20 
8 56 31 615 23 24 
9 51 18 64x 23 23 
10 8.508 9347 8.510 3005 1.43666 2.3923 6.2632 
Ir 43 8.510 2943 691 23 35 
32 38 80 716 22 39 
13 34 67 741 22 43 
14 30 54 766 22 47 
15 26 41 792 22 St 
16 21 28 817 22 55 
17 17 16 842 ar 59 
18 13 03 867 21 63 
19 09 8.510 2890 892 21 67 | 
20 8.508 9304 8.510 2877 1.43917 2.3921 6.2671 | 
21 fore) 64 943 21 75 
22 8.508 9296 si 968 20 79 
23 gt 39 993 20 83 
24 87 26 1.44018 20 87 
25 83 13 043 20 gt 
26 79 oo 069 20 95 | 
27 74 8.510 2787 094 19 99 } 
28 7° 74 119 19 6.2702 : 
29 66 62 144 19 06 
30 8.508 g261 8.510 2749 1.44169 2.3919 6.2710 
31 57 36 195 
32 53 23 220 
33 49 10 245 
34 44 8.510 2698 270 
35 40° 85 295 
36 36 72 321 
37 32 59 346 
38 27 46 371 
39 23 33 396 
4° 8.508 g219 8.510 2621 1.44421 
41 14 08 447 
42 10 8.510 2595 472 
43 06 82 497 
44 02 69 522 
45 8.508 9197 57 547 
46 93 44 573 
47 80 31 508 
48 84 18 623 
49 80 05 648 
50 8.508 9176 8.510 2493 1.44673 ; 
51 72 80 6909 
52 67 67 724 . 
53 63 43 749 
54 59 41 774 
55 55 28 800 
56 5° 16 825 
57 49 03 850 
58 42 8.510 2390 875 
59 3 77 goo 
60 8.508 9133 8.510 2364 1.44926 
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TABLE XXXVII. 


FACTORS USED IN GECDETIC COMPUTATIONS. 
LATITUDE 48°, 


J 
! log A log B log C log D log £ f 
| Lat. | aift, "= — 0.07 |diff. 1/’ = — 0.21 | diff. 1/7 = + 0.42|diff. 1/’ = — o,00/diff. 1” = +-0.07 
| ° / 
|| 48 00 8.508 9133 8.510 2364 1.44926 2.3912 6.2830 
| I 29 52 gst 12 34 
' 2 25 . 39 976 11 38 
3 i 20 26 1.45001 Ir 42 
4 16 13 027 It 46 
05 12 foro) 052 Ir 50 
6 08 8.510 2288 0°77 10 54 
7 03 75 102 10 58 
8 8.508 9099 62 128 10 62 
3) 95 49 153 10 66 
10 8.508 gogr 8.510 2236 1.45178 2.3909 6.2870 
i II 86 24 203 °9 74 
i 12 82 It 229 09 78 
i 13 78 8.510 2108 254 08 82 
: 14 74 85 279 08 86 
15 69 72 304 08 go 
16 65 60 330 08 94 
i 17 6x 47 355 °7 98 
18 57 34 380 07 6.2902 
19 52 21 400 07 06 
! 20 8.508 9048 8.510 2108 1.45431 2.3907 6.2910 
i aI 44 8.510 2096 456 06 14 
i 22 39 83 481 06 18 
I 23 35 70 507 06 22 
24 31 57 §32 05 26 
27 45 557 05 30 
22 32 582 05 34 
18 19 608 05 38 
14 o€ 633 04 42 
10 8.510 1993 658 o4 46 
8.508 goos 8.510 198t 1.45683 2.3904 6.2950 
or 68 7oQ 03 54 
8.508 8997 55 734 03 58 
93 Ay | 759 03 62 
88 30 785 02 66 
84 17 810 o2 
80 4 835 02 
76 8.510 1891 861 o2 
7 78 886 or 
67 66 gir or 
8.508 8963 8.510 1853 1.45937 2.3901 
59 40 962 foto} 
54 27 987 oo 
50 15 1.46012 fore) 
46 o2 038 2.3899 
41 8.510 1789 063 99 
37 76 088 99 
33 64 114 98 
29 51 139 98 
24 38 164 98 
8.508 8920 8,510 1725 1.46190 2.3807 
16 13 215 97 
12 00 240 97 
08 8.510 1687 266 96 
03 74 291 96 
8.508 8899 62 316 96 
95 49 342 95 
go 36 367 95 
86 33 392 95 
82 10 418 94 
8.508 8878 | 8.510 15908 1.46443 2.3894 
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TABLE XXXVII. 


FACTORS USED IN GEODETIC COMPUTATIONS. 


LATITUDE 49°, 


2 log A log B log C log D log E 
Lat. diff.1/7= — 0,07 | diff. 1’ = — o,2x |diff. 1/’ = + 0.42 diff. 1’ = — 0.01/diff. 1’ = +-0,07 
°o / i is ee eet eran es 
49 00 8.508 8878 8.510 1598 1.46443 2.3894 6.3071 
1 73 85 468 94 75 
2 69 72 494 F: 93 79 
3 65 59 519 93 84 
A 6x 47 544 93 88 
05 57 34 579 g2 92 
6 52 21 595 92 96 
7 48 | 08 621 92 6.3100 
8 44 8.510 1496 646 gr 4 
9 39 83 67t gt 08 
10 8.508 8835 8.510 1470 1.46696 2.3891 6.3112 
11 31 58 722 go 16 
12 27 45 747 go 20 
13 23 32 773 2.3889 24 
14 18 19 798 89 28 
15 14 07 824 89 32 
16 10 8.510 1394 849 88 37 
17 06 81 874 88 41 
18 o1 68 809 88 45 
19 8.508 8797 56 925 87 49 
20 8.508 8793 8.510 1343 1.46950 2.3887 6.3153 
2r 89 30 976 87 57 
22 84 17 1.47001 86 61 
23 80 05 026 86 65 
24 76 8.510 1292 052 85 69 
25 72 79 °77 85 73 
26 67 67 103 85 78 
27 63 54 128 84 82 
28 59 ar 4 153 84 86 
29 55 28 179 83 90 
30 8.508 8750 8.510 1216 1.47204 2.3883 6.3194 
31 46 03 230 83 98 
32 42 8.510 1190 255 82 6.3202 
33 38 78 281 82 06 
34 33 65 306 82 b de) 
35 29 OI 52 331 8r 15 
36 25h pal 39 357 8x 19 
37 21 | 27 382 80 23 
38 16 14 408 80 27 . 
39 12 or 433 80 ar 
40 8.508 8708 8.510 1088 1.47459 2.3879 6.3235 
‘ i oC 77 484 79 39 
(ole) | 63 | 509 | 78 3 
43 8.508 8695 | 50 535 78 Pi 
44 gt 38 CO 560 | 78 52 
45 SS 25 | 586 77 56 
4s 83 12 6rr 77 
fe | 90 637 76 €4 
48 74 8.510 0987 662 76 68 
49 79 74 688 75 72 
50 8.508 8666 8.510 0962 1.47713 2.3875 6.3276 
Bu 61 49 738 75 8r 
52 57 36 764 74 85 
3 53 23 789 74 89 
54 49 De 8r5 73 93 
59 45 8.510 0808 840 73 
56 40 85 866 73 6. souk 
Lye 36 73 8qr1 72 05 
58 2 60 QI7 72 09 
59 28 48 942 7t 14 
60 8.508 8623 8.510 0835 1. 47968 2.3871 6.3318 


a aoe 


FACTORS USED=IN GEODETIC COMPUTATIONS. 


ABE OACX X WEL 
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LATITUDE 50°, 
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A 


log B 


log C 


log D 


log & 


log Z 
diff. 1/’ = — 0.07 |diff. 1/7 = — 0,21 |diff. 1’’ = — 0.43\diff. 1 ‘= — o.o1\diff. 1’ =+0.07 


8.508 8623 . 


8.508 8455 
50 
46 
42 
38 
34 
29 
25 
2 


17 
8.508 8413 
08 
o4 
00 
8.508 8396 


75 
8.508 8371 


8.510 0835 
22 


ao 


.§10 0797 
84 


+510 0708 


oc 


co 


+510 0504 
«510 0581 


co 


8.510 0493 
80 
67 
8.510 0455 


8.510 0392 
79 
66 
54 
41 
8.510 0328 
16 


03 
8.510 0291 
78 
65 
53 
40 
27 
15 
8.510 0202 
8.510 O190 


or 
8.510 0089 


8.510 0076 


# 


~ 


4 


~ 


~ 


cl 


- 47968 


993 


+ 48019 


044 
070 


095 
ter 
146 
172 
197 
-48223 
248 
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(From Appendix No. 9, Report of U. S. Coast and Geodetic Survey, 1894.) 


TABLE DX WIL: 
CORRECTIONS TO LONGITUDE FOR DIFFERENCE IN ARC 


AND SINE. 


aaa 
Log S$ (-) Log Difference. | Log AA (+), Log S (—) Log Difference. | Log AA (+) 

3.876 ©,000 O0Or 2.385 5-010 0.000 0186 3.519 
4.026 02 2.535 5-017 192 3-526 
4.114 03 2.623 5-025 199 3-534 
4.177 04 2.686 5-033 206 3-542 
4-225 05 2.734 5.040 213 3+549 
4.265 c6 2.774 5-947 221 3-556 
4.298 o7 2.807 5 +054 228 3-563 
4-327 08 2.836 5-062 236 3-571 
4-353 09 2.862 3-068 243 3577 
4-376 10 2.885 5-075 251 3-584 
4-396 Ir 2.905 5.082 259 3-591 
4.415 12 2.924 - 5.088 267 3-597 
4-433 13 2.942 5.095 275 3-604 
4-449 14 2.958 5.102 284 3-611 
44404 15 2.973 5-108 20902 3.617 
4.478 16 2.987 5.114 300 3.623 
4.491 17 3.000 5-120 309 3-629 
4-503 18 3-012 5.126 318 3.635 
4.526 20 3-035 5-132 327 3.641 
4.548 23 3+057 5-138 336 3-647 
4+570 25 3-079 5-144 345 3-053 
4.591 27 3-100 5-150 354 3-659 
4-612 30 3-121 5-156 364 3-665 
4.631 33 3-140 5.161 373 3-670 
4.649 36 3-158 5-167 383 3.676 
4.667 39 3-176 5-172 392 3.681 
4-684 42 3-193 5-178 402 3-687 
4-701 45 3-210 5.183 412 3-692 
4-716 48 3-225 5.188 422 3.697 
4-732 52 3-241 5-193 433 3-702 
4-746 56 3+255 5-199 443 3-708 
4-764 59 3-270 5-204 453 3+713 
4-774 63 3-283 5-209 464 3-718 
4.788 67 3-297 5-214 474 3-723 
4.801 7t 3.310 5.219 486 3.728 
4.813 75 3-322 5.223 497 +732 
4.825 80 3/334 5.228 S08 es 
4.834 84 3-343 5+233 519 3-742 
4.849 89 3-358 5.238 530 3-747 
4-860 94 3-369 5.242 541 3.751 
4.871 98 3-380 5-247 4 ; 

4-882 103 3-391 5-251 oe se 
4.892 108 3-401 5-256 577 3.765 
4-903 114 3-412 5.260 588 3.769 
4-913 119 3-422 5.265 600 3-774 
4.922 124 3.431 5.269 61 3 

4.032 130 3-441 5.273 (ee pe 
4-941 136 3-450 5.278 637 aes 
4-950 142 3-459 5-282 650 Bae: 
4-959 147 3-468 5-286 663 3.795 


4. 
4. 
4. 
4. 
Bs 
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TENTS, OOO RE 


I 
VALUESLOF). LOG —————., 
: cos 4d 
(From Appendix No, 9, Report of U. S. Coast and Geodetic Survey, 1894.) 
Ad Ad Ad 
log.sec. (== log. see. (“4), log. sec. | — }. 
Ad. g ( - ) Ad. A Ad. g = 
10! 0.000 000 40! 9.000 007 7O 0.000 022 
iI I 4t 8 7 23 
12 I 42 8 72 24 
es r 43 3 73 24 
14 I 44 2) 74 25 
15 % 45 9 75 26 
16 I 46 To 76 26 
17 1 47 & 77 27 
18 I 48 IL 78 28 
19 49 Ir 79 29 
20 2 50 Ir 80 29 
21 2 5r 12 8r 30 
22 2 52 12 82 3 
23 2 53 13 83 32 
24 3 54 13 84 32 
25 3 55 14 85 33 
26 3 56 14 86 34 
27 a) 57 15 87 35 
28 ma 58 15 88 36 
29 4 59 16° 89 36 
30 4 60 16 go 37 
31 4 61 17 
32 5 62 18 
33 5 63 18 
34 5 64 19 
35 6 65 19 
36 6 66 20 
37 6 67 21 
38 7 68 au 
39 7 69 22 
TABLE XL. 
LOG #. 


(From Appendix No. 9, Report of U. S. Coast and Geodetic Survey, 1894.) 


CHAPTER XXX. 
GEODETIC CONSTANTS AND REDUCTION TABLES. 


290. Constants Depending on Spheroidal Figure of 
Earth.—The following are based on Clarke’s spheroid of 1886: 


Equatorial semi-axis, a = 20926062. feet; log = 7.3206875; 
ac as ( 3963.3 miles; ‘« = 3.5980536; 
Polar “s & = 20855121. feet; SF OPE Ihe 
OG eS iy 3949.8 miles; “* = 3.5965788; 
Equatorial radius, Gi 0378200,4meters: ‘* = 6.8046986; 
Polar oe 6 = 6356583.8 iM i — 0.032230 
: b 293.98 
al R.: Polar R. S508: -98°: 293.98 ; —-= 
Equatoria olar or @: b :: 294.98: 293.9 = 304.¢8 
Circumference of equator = 24,901.96 miles. 
Area surface of earth = 196,940,400 square miles. 
e = 2 = Eccentricity = .0067687 meters; log = 7.8305028; 
e a—b I 
a iptici = = ——; ae 2 
: Ellipticity 5 e010) 7.5294689; 
I — e? = .9932313; “* = 9.9970503; 
T 5 é 
Daren? = $.5097266. 


291. Numerical Constants.— Circumference of circle, 
diameter unity, 


3-14159265 = log 0.4971499 ; 
6.283185 3) ==" ‘9 0,76817905 
9.8696044 = ‘* 0.9942997. 


NO 
NAAN 
Il 


II 
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Length of an arc, a, with radius, 7, 


anr i a0 
fa! Lees = nearly a + ver sin’, 


¢ being the chord of the arc a. ° 
log SSINne I <.et ens  4.68557486008; 
hfe) lage ee) | iad Ae oy Pe =. A.2045448711; 
aCe LOS. Sine Tass EECA 
“TOY Yadius == mile = °O,3072 inches* 
Tt ce 6c 6c es, aie 431 6c 
Matesme Oran al — = O,00000105. 
TABLE XLI. 


INTERCONVERSION OF ENGLISH LINEAR MEASURES. 
(From Smithsonian Geographical Tables.) 


Unit of linear measure is the yard. 


Inches. Feet. Yards. Rods. Furlongs. Miles. 
E 0.083 0.028 0.00505 0.0001 2626 0.0000157828 
12 Te 0.333 0.06060 0.00151515 0.00018939 
36 Se Te } 0.1818 0.004545 0.00056818 
198 16.5 5.5 Es 0.025 | 0.003125 
7920 | 660. 220. 40. oe 4 0.125 
63360 | 5280. 1760. 320. 8. ile 
Lacte == 200. fect squate ......7.. Error 4- 1: 720 


Eee rot ys 5 00-syuare féek. 
Pmile-= 1760 yards'= 5280! feet = 633,360 inches: 


To change log. miles to log. yards add 3.2455127; 
Ss “Slog syards. “* logmmiles ° (6:7544873. 
Log. Mes OM A7 12'82 547": 
os, 5 aie! =-1.0701812400; 
oe.. 5280 ="3;.7220330225 5 

Log. 1760 = 3.2455127. 
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Other measures are the— 

Surveyor’s or Gunter’s chain = 4 rods = 66 feet = 100 
links of 7.92 inches each. 

Fathom = 6 feet; Cable length = 120 fathoms. 

‘Hand = 4 inches; Palm = 3 inches; Span = 9g inches. 


“ 
AG hows Loti 
INTERCONVERSION OF ENGLISH SQUARE MEASURES. 
(From Smithsonian Geographical Tables.) 
Unit of square measure is the square yard. 
Sq. Feet. Sq. Yards. Sq. Rods. Roods. Acres, 
ite OLLI 0.00367309 0.000091827; 0.000022957 
Q- I. 0.0330579 0.000826448| 0.000206612 
272.25 30.25 1 Be 0.025 0.00625 
108go. 1210. 40. Te 0.25 
43560. 4840. 160. 4. Te 
27878400. |3097600. 102400. 2560. 640. tte 


292. Length of the Meter in Inches.—According to 
various authorities I meter = in inches: 


39.370790 Kater, 1818. 

20230002. ‘Hassler, 13392. 

39.308505 Coast Survey, 1851-1858 (Hassler corrected). 
39.370432 Clarke, 1866-1873. 

39.36985 Lake Survey, 1885. 

39.3704316 Chief of Engineers, U.S. A., (letter) 1895. 
39-377786 Theoretic ten-millionth of quadrant (Clarke). 
20537 By Act of Congress, 1866. 

39.37 U.S. Coast and Geodetic Survey, adopted 1891. 
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293. Interconversion of English and Metric Measures. 
—The units of measure of the two systems are the yard and 
the meter. The standard meter has its normal length at 
32° F. = 0° C.; the yard at +62° F. Their relative values 
are 


I yard = 3$00 of the meter. 


TABLE Gag al 


TO CONVERT METRIC TO ENGLISH MEASURES. 
(From Appendix No, 6, U. S, Coast and Geodetic Survey Report for 1893.) 


| wees to Inches. Meters to Feet. Meters to Yards. Miles, Kilometers, 
f= 39-3700 I= 3.28083 I = 1.093611 Os 6213 72— i 
Oi 78 FAO 2— 0. 50167 2 = 22137222 E242 Aue 
3 118, Lr0o0 3= 9.84250 3 = 3'-280833 Te SO4TT == "3 
4 = 157.4800 4 = 13.12333 4 = 4.374444 2.48548 = 4 
5 = 196.8500 5 = 10.40417 5 = 5.468056 3.10685 = 5 
6 = 236.2200 6 = 19.68500 6 = 6.561667 Be 2o2 26 
7 = 275.5900 7 = 22.96583 7 = 7.655278 4.34959 = 7 
8 = 314.9600 8 = 26. 24667 8 = 8.748889 4.97076 = 8 
9 = 354-3300 9 = 29.52750 9 = 9.842500 5-59233 =9 


TABLE eX Dive 


TO CONVERT ENGLISH TO METRIC MEASURES. 
(From Appendix No, 6, U.S. Coast and Geodetic Survey Report for 1893.) 


bigs to Millimeters. Feet to Meters. Yards to Meters. Kilometers. Miles. 
Te e254 OO L I = 0.304801 I = 0.914402 1. 60035)— 2 
2 = 50.800) 2 = 0.609601 2 = 1.828804 2),20869) = 2 
B=) #702002 3 = 0.914402 Sa 24 3205, 4.82804 = 3 
4 = 101.6002 fh 20202, B57 067, 6243730 14 
5 = 127.0003 5 = 1.524003 5 = 4-572009 8.04674 = 5 
6 = 152.4003 6 = 1.828804 6 = 5.486411 9.65608 = 6 
4 = 177-8004 7 = 2.133604 7 = 6.400813 Tin205A3¢=—07) 
8 = 203.2004 8 = 2.438405 B47 315205 12.87478 = 8 
g = 228.6005 9 = 2.743205 9 = 8.229616 14.48412 = 9 


676 GEODETIC CONSTANTS AND REDUCTION TABLES. 


PARLE OX EV: 
TO CONVERT METERS INTO STATUTE AND NAUTICAL MILES. 
Meter. Miles. Meter. Miles. 
I 0.00062137 6 0.00372822 
2 0.00124274 a 0.00434959 
3 0.00186411 8 0,00497096 
4 0.00248548 9 0.00559233 
5 0.003 10685 10 0.00621370 | 
i S Nautical 
Meters.| fics” | Nhuiiess |jMeters.| Sites’ | “Mites” |[Meters-| “Mites. | Miles. 
Io 0.006 0.005 100 0.062 0.054 1,000| 0.621 | 0.540 
20 0.012 O.OII 200 0.124 0.108 2,000| 1.243 | 1.079 
30 0.019 0.016 306 0.186 0.162 3,000} 1.864 | 1.619 
40 0.025 0.022 400 0.249 0.216 4,000| 2.486 | 2.158 
50 0.031 0.027 500 Oa 0.270 5,000] 3.107 | 2.698 
60 ©.037)) |p 0.032 600 02373 0.324 6,000| 3.728 | 3-238 
70 0.043 0.038 700 0.435 0.378 7,000} 4.350 | 3-777 
80 0.050 0.043 800 0.497 0.432 8,000 4.971 An3h7 
go 0.056 0.049 goo 0.559 0.486 9,000} 5.592 | 4.856 


294. Logarithms and Factors for Conversion of English 
and Metric Measures.— 


To change log. 


“ Bee Oe: 
s SOO yen: 
3 66 log 
if ek lOe 
ce 66 log 
6< 6“ log 
“é 6c log 


TABLE, XENVIE 


LOGARITHMIC CONSTANTS FOR INTERCONVERSION OF 
METRIC AND COMMON MEASURES. 


of meters to log. of miles 


of meters to log. of yards 


of meters to log. of feet 


. of meters to log. of inches 
. of miles to log. of meters 
. of yards to log. of meters 
. Of feet t6 los. of meters 


. of inches to log. of meters 


add 6.7933502; 
0.03886290; 
0.5159842 ; 
1.5951654; 
3.2066408 ; 
9.9611371; 
9.4840158; 
8.4048 346, 


ee 


ce 


METRIC AND ENGLISH EQUIVALENTS. 


(FABLES Xe VIL: 
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METRIC TO COMMON SYSTEM, WITH FACTORS AND 


LOGARITHMS. 
> 
Units Compared. Logarithm | Reciprocal| Log. Rec. 
of Factor. | of Factor. | of Factor. 
Centimeters X 0.3937. = inches 1.595165 2.54 0.4048 
Meters X  3-2808333 = feet 0.515984 0.304801 Fabsorte 
Kilometers | 0.62137) = 9-79335 1.60935 0, 20665 
,oquare centimeters X 0.15500 = 1.190331 6.45163 0.809669 
Square meters X 10.7639 = square feet. 1.031968 0.0929034 2.968032 
Hectares _ Mie adie TSS OEKES Ee SSikc secs ©. 39288 0.404687 {.60712 
Cubic centimeters X 0.0610234 = cubic inches .... 8.785504 16.3872 1.214504 
Cubic meters X 35-3%45 = cubic teet.. ..... 1.54795 0.028317 2.452047 
Cubic meters X 264.17 Us SONS ys pies 2.421884 0.0037854 | 3.578116 


Millimeters X .03937 = inches. 
Millimeters + 25.4 = inches. 
Gentiniteters < 03037 = inches. 
Centimeters + 2.54 = inches. 


Meters X 39.37 = inches. (Act of Congress.) 


Meters. xX 32.281 = feet. 
Meters X 1.094 = yards. 
Kilometers & .621 = miles. 
Kilometers + 1.6093 = miles. 
Kilometers & 3280.8 = feet. 


Square millimeters X .0155 = square inches. 
Square millimeters + 645.1 = square inches. 


Square centimeters X .155 = square inches. 


Square centimeters + 6.451 = square inches. 


Square meters X 10.764 = square feet. 
Square kilometers X 247.1 = acres. 

) Hectares %02.47 liss-acres. 
Hectares X 259 — square miles. 


IeNaiia) SNe ae 
MISCELLANEOUS METRIC EQUIVALENTS. 


I millimeter = sy inch........-- s+ss.eees Frror+ 1: 
I centimeter = $ inch........... 02sec eeeee a 
I meter = 3 feet 32 inches..............:. oy ale 
Tkilometer = Smile... ye... ee ccs ae sah ee 
I gram = 15.4 QrainS... +2620 eeeeer es eeeee [or 
1 kilogram = 24 Ibs. (avoirdupois)........ ee | 
MW Hter $M Matbess «2 cms s siecle cts cts oe ve ee —. 
i foot — meters 0.304801 meters 


oe 


“ec 


1 fathom = 1%; meters = MICE) 
1 Gunter’s chain = 20; meters = 20,1168 


PART VI: 


GEODETIC ASTRONOMY. 


CHINE TERI EXOCXT. 
ASTRONOMIC METHODS. 


295. Method of Treatment.—In the following pages only 
such outline of the subject is given as is indispensable as a 
guide to practical field operations. The mathematics of 
astronomy is extended and complex, and is omitted excepting 
the more practical working formulas, as volumes would be 
required for a complete exposition of this subject alone. 
The effort here has been to give directions for observing, 
examples of reduction and computation, and the essential 
field tables only. For more detailed information the student 
is referred to Doolittle’s or Chauvenet’s Practical Astronomies, 
Hayford’s Geodetic Astronomy, to the American Ephemeris, 
and to special tables and star catalogues. 

. The arrangement of the following is similar to that of the 
rest of this book. The simpler and more approximate 
methods of determining azimuths, latitudes, and longitudes 
are given first, as they would be used in exploratory or rough 
geographic surveying. (Chap. IV.) Following these are given 
the more refined methods of determining the same quantities, 

678 


GEODETIC ASTRONOMY. 679 


as initial positions for the extension of geodetic triangulation. 
(Artin285.) 

296. Geodetic Astronomy.—The topographer should dis- 
tinguish in the beginning between an asfronomic latitude and 
longitude and a geodetic latitude and longitude; in addition 
neither of these should be confused with ce/estzal latitude and 
longitude, <Astronomic latitudes and longitudes are referred 
to the action line of gravity at the station of observation. 
Geodetic latitudes and longitudes are referred to the gravity 
line which has been corrected for local deflection or station 
error, On the other hand celestial latitudes and longitudes 
refer to a system of spherical coordinates and, though much 
used by the astronomer, are rarely employed in topographic 
or geodetic operations. In geodetic astronomy the initial 
points of measurement are the equator and vernal equinox for 
the measure of declination and right ascension, whereas in 
celestial astronomy the ecliptic and vernal equinox furnish 
corresponding initial points. 

The field-work of the geodetic astronomer is of the most 
practical kind and has for its objects: 

1. To determine the astronomic latitude of the station; 

on) Ver determine ‘thestrue local time sat the: instant of 
observation, or the true astronomic longitude of the station; 

3. To determine the azimuth of a line joining the observa- 
tion station with some other terrestrial point. 

Finally, as one of the operations performed in the above 
determinations consists in the finding of the horizon line, he 
consequently determines the zenith distance of some terres- 
trial object as a reference point for vertical triangulation. 
The zenith and a celestial object are therefore the two points 
on the celestial sphere always observed. The right ascension 
and declination of the object observed become known inde- 
pendently of the observations. 

297. Definitions of Astronomic Terms.—For some of 
the following definitions and explanations of the operations 
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of geodetic astronomy I am indebted to the admirable text- 
book on this subject recently published by Mr. John F. 
Hayford of the U. S. Coast and Geodetic Survey, to which 
the reader is referred for more detailed information upon this 
subject, as well as to Doolittle’s and Chauvenet’s Practical 
Astronomies. 

The astronomtic latitude of a point on the surface of the 
earth is the angle between the line of action of gravity at that 
station and the plane of the equator. It is measured on the 
celestial sphere along the meridian from the equator to the 
zenith. 

The astronomic longitude of a point on the surface of the 
earth is the angle between the meridian plane of that point 
and some arbitrarily chosen meridian plane. The meridian 
of Greenwich, England, is accepted universally in the United 
States as this initial meridian for geodetic operations, and is 
generally accepted throughout the world in most nautical and 
geodetic work. The meridian of Washington, D. C., is 
sometimes used in the United States chiefly in connection 
with public land lines. 

Geodetic latitudes and longitudes are defined by applying 
the distinguishing explanation already made to the above 
. definitions. 

In the operations of geodetic astronomy the dodies con- 
sidered are the sun, the moon, the stars, and the planets, 
including the earth and moon; also the satellites of the 
planets. As seen from the point of the observer these appear 
to move about within the range of vision, and their apparent 
motions appear quite complicated. To clearly orient himself 
upon the earth by observation upon these heavenly bodies 
he must have an accurate conception of their apparent 
motions. In the apparent motion of each of the heavenly 
bodies he sees not only its actual motion, but also the actual 
motion of the seemingly solid and movable earth upon which 
he stands, since both are in motion. As admirably expressed 
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by Mr. Hayford, he is like a passenger upon a train at night 
looking out upon the moving lights of atown: He sees the 
lights apparently all in motion. In some cases the apparent 
motion of a light may be entirely due to his own motion. In 
other cases the lights upon which he looks may be those of a 
wagon or of another moving train, and their apparent motions 
are often due to their actual motions and those of himself. 

The forzzon is the intersection with the celestial sphere of 
a plane passing through the eye of an observer perpendicular 
to the plumb-line or the line of action of gravity. The 
zenith is the point in which the action line of gravity produced 
upward intersects the celestial sphere, and is at right angles to 
the horizon of an observer, and opposite on the celestial 
sphere to the xaazr. 

The plane of the equator is a plane of a great circle of the 
celestial sphere passing through the center of the earth and 
perpendicular to the axis of its rotation. The plane of the 
ecliptic is the plane of a great circle of the celestial sphere and 
is the plane of the orbit of the earth. The eclzfftic itself is 
the intersection of the plane of the ecliptic with the celestial 
sphere. These two planes are the principal reference planes 
of astronomy. 

The eguznoxes are the two points in which the equator and 
ecliptic intersect each other, the angle of their intersection 
being about 23°27’. The verna/ equinox is that at which the 
sun is found in the spring, and the autumnal that at which it is 
found in the fall. 

An hour-circle is the intersection of a plane passing through 
the axis of the earth with the celestial sphere, and all hour- 
circles are great circles passing through the poles. The hour- 
angle of a star is the angle measured along the equator 
between the meridian and the hour-circle passing through it. 

Right ascension of a celestial body is the angle measured 
along the equator between the hour-circles which pass through 
the star and the vernal equinox respectively. As right ascen- 
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sion is reckoned from west to east, opposite to the apparent 
motion of the stars, the sidereal time at the instant of a transit of 
a star is therefore the same as its right ascension. Right ascen- 
sion may also be expressed as the sidereal time elapsed between 
the passage of the vernal equinox and the star across the meri- 
dian. It is usually expressed in hours, minutes, and seconds. 

The declination of a celestial object is the angle between 
the line joining the center of the earth to the star or planet and 
the plane of the equator. It is also expressed as the angular 
distance of the heavenly body north or south of the equator, 
and is + when north and — when south. 

The culmination or transit of a celestial object across the 
meridian of the observer is the passage of that star across such 
meridian. As the meridian is a great circle, any star has two 
transits if considered for a complete revolution of the earth 
upon its axis; the first of these, called the upper transit or 
culmination, being that over the half of the meridian which 
includes the zenith. The second, called the lower transit or 
culmination, includes the transit over that half of the meridian 
which passes through the nadir. 

A sidereal day is the interval between two successive tran- 
sits of the vernal equinox across the same meridian. Szdereal 
time at the station of observation and at a fixed instant of 
time is the right ascension of the meridian, which is the same 
as the hour-angle of the vernal equinox counted in the direc- 
tion of the apparent motion of the stars. Sidereal time is 
zero hours, minutes, and seconds at the instant when the 
vernal equinox transits across the meridian. It includes 24 
hours, numbered consecutively from zero. 

An apparent solar day is the interval between two succes- 
sive transits of the sun across the meridian. The apparent 
solar time for any station of observer and any instant is the 
hour-angle of the real sun at that instant for that meridian. 

The mean solar day is the interval between successive 
transits of a fictitious mean sun over the same meridian. 
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Mean solar time, usually called mean time for any station of 
observer and instant, is the hour-angle of mean sun at that 
instant from that meridian. 

The standard time of any place is the mean solar time of 
the nearest fifteen degree meridian of longitude west of 
Greenwich. To reduce local mean solar time to standard 
time apply as a correction the difference of longitude of the 
place and its standard meridian. 

The eguation of time is the correction to be applied to the 
apparent time to reduce it to mean time. It is given in the 
American Ephemeris. 

The cevzd day commences and ends at midnight. Its hours 
are counted from zero to 12 between midnight and noon, and 
from zero to 12 between noon and midnight. The astronomic 
day commences at noon of the civil day of the same date, 
and its hours are numbered from zero to 
24, from noon of one day to noon of the 
next. Civil time is local mean solar time 
based on the civil day. 

298. Astronomic Notation. — The 
following is the notation employed in 
astronomic formulas and computations: 

T = civil time at any place; 

T, = sidereal time corresponding to T 
= right ascension of the meri-- 
dian of the place; 

T,, = astronomic mean time correspond- 
aes aio WARE 


Fic. 179.—LATITUDE, 
f = interval of mean solar time; DECLINATION, AND 
ALTITUDE. 


C,= correction to convert ‘interval / 
into mean time (Ephemeris, Table III); 
I’ = interval of sidereal time corresponding to /; 
a, = R. A. mean sun for next preceding mean noon for 
place, P, and date, D,, 
= sidereal time of mean noon for place and date; 
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f= equinox; 

¢ = hour-angle = difference between sidereal and mean 
time; 

A = azimuth of star or other celestial object; 

fi = altitude of same; 

a= R. A. = right ascension of celestial object; 

f = latitude of place = angle of pole above horizon; 

0) declination of celestial object ; 

g = its observed zenith distance = go° — /; 

= its observed meridional zenith distance; 


om > 

€ = its true meridional zenith distance; 

p = its polar distance = go° — 6; 

g = its parallactic angle or angle at star between pole and 


zenith. 


299. Fundamental Astronomic Formulas.—7o fxd alti- 
tude, given latitude, declination, and hour-angle - 


sink = sin @ sin 6 + cos @cosd cost. . . (96) 
By means of logarithms and an auxiliary angle 17, where 
sind = msin JZ and, cos 6 cost=mcos JM, 


we have 


pit ie— WE/COs (Gy Nit) nate ee (97) 


To find azimuth, given latitude, declination, and hour-angle : 


tan ¢cos 7 
eae re eM Perna Mar tebs yy reco hadks’, 
and 
| ae sin ¢ 
~ cos Ptand(1 — tan @cosdcosz) * (99) 


Where a series of observations are made, this formula is sim- 
plified into the following working form: 
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a sin¢ 


tan A = — ———___., 
I — bcost 


where a = sec ¢ cot 6, and 6= tan ¢ cot 0. 
To find declination, given altitude and azimuth: 
sin 6 = sin g@ sin k — cos @cos h COS 45 snettoo) 
or, for logarithmic computation, 
sin.g.ess7 sin (@ — JL). 3 S(IOL) 


or, having 7, 


tan 6 = tan (¢ — JZ) cos ¢. 


To find hour-angle, given altitude and azimuth: 


ne tan A sin AZ 
ane eee g aT) cal Hepa woes 
To find hour-angle and azimuth in terms of zenith distance : 


cos — sin @ sin 6 
vo ae TOs 
cos @ cos 0 


Cost 


sin @ cos  — sin 6 
cos: A = : Sie ahs Le OR) 
cos @ sin Z 


To find hour-angle and zenith distance of a star at elonga- 


tion: 
cos # = f; ae ae SCOR 
Site oe je CRS TEES) 
cor a= am) 3 ee USN A ta(GO7) 


sin 0 
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To find hour-angle and azimuth of a star in the horizon or 
at time of rising or setting: 


COSi7i==t= tan Pitan: 0 302 ee OS) 


sin 6 


aa se gue ee LOO) 


cos A = — 


To find hour-angle, zenith distance, and parallactic angle 
for transit of a star across prime vertical: 


tan 0: 

cos Z ee Se (110) 
tan d 
sin 0 

COS 4S ———F . . ° . ° III 
ae (111) 


Shy eee eee A te) 


300. Finding the Stars.—The following brief statement 
of the positions of the more prominent stars as referred, one 
to the other, is derived from Lieutenant Qualtrough’s ‘‘ Sail- 
or’s Manual.”” The most conspicuous stars have been desig- 
nated by names, and the stars in each constellation are dis- 
tinguished, for reference, by letters and numbers. The letters 
used for this purpose are the small letters of the Greek alpha- 
bet. 

In finding any star in the heavens, it is customary to refer 
to some one star or constellation as known: The Great Bear, 
called also by the Latin name of Ursa Major, in the northern 
part of the heavens and consisting of seven principal stars, is 
the most convenient for the purpose. 

The two stars a and # point nearly to Polaris, or the Pole 
Star, and are hence called the Potnters. 

A line from Polaris through 7, the last of the tail, passes 
at 31° beyond 7 through Arcturus, a very bright star. 
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A line from Polaris perpendicular to the line of the 
Pointers and on the opposite side to the Great Bear passes at 
48° distance through Capella, one of the brightest stars. 

In the same line, about the same distance on the opposite 
side of the Pole, is a Lyre, also called Vega and Lyra, a 
large white star in the Harp. 

At one third of the distance from Arcturus to a Lyre is 
Alphacca, the brightest star of a semicircular group called the 
Northern Crown. 

About 23° to the eastward of a Lyre, and about the same 
distance as this star is from Polaris, is “ Cygnz, the bright 
star in the Swan. 

A line from Polaris passing between this last and a Lyre, 
and produced to an equal distance between them, passes 
through a Aguile, or Altazr, a bright star between two small 
ones. 

A line from Polaris drawn between Cafe//a and a star close 
to the eastward of it passes to the westward of the constella- 
tion Orion. The two northern stars of the four at the corners 
are the shoulders, the northernmost of which is @ Ovrzonis. 
The brightest of the two southern stars, the feet, is called 
Rigel. In the middle are three stars forming the Se/¢, the 
northernmost of which is nearly on the equator. 

About 25° to the northwestward of the Belt, and not far 
out of its line, is A/debaran, which may be known by its red 
color. 

A line from Aldebaran through the Belt passes at about 
20° on the other side through Szvzus, the brighest star in the 
heavens. 

Sirius, the eastern shoulder, and Procyon, to the eastward 
of Orion and northward of Sirius, form an equilateral tri- 
angle. 

Midway between the Great Bear and Orion are the Twins, 
Castor and Pollux, the latter the southern and brighter, about 


688 ASTRONOMIC METHODS. 


4° apart. The line from Polaris to Procyon passes between 
them. 

A line from Rigel through Procyon passes at an equal dis- 
tance beyond to the northward of Regulus. 

A line from Polaris through Ursa Majoris passes at 763 
distance through Spzca Virgints. 

A line from Regulus through Spica passes at 45° distance 
through Antares, a bright reddish star. 

The line from the Pointers carried through the Pole to 
about 75° beyond it, passes through Marcad or a Pegast. 

A line from Polaris through Marcab passes at 45° distance 
through Fomatlhaut, a very bright star. 

Achernar, Fomalhaut, and Canopas are ina line and nearly 
equidistant, being about 40° apart. 

The Southern Cross is about as far from the South Pole as 
the Great Bear is from the North Pole—y is the head, and a 
the foot. 

When some stars are known, the rest are eastly found by 
the times of their meridian passages and their declinations. 
A star may also be identified by means of its altitude or 
‘azimuth, computed approximately. 

301. Parallax.—The word parallax is generally used to 
designate the apparent displacement due to the change in the 
position of the observer. As used in referring to the sun or 
other celestial object, it is employed to indicate the difference 
of direction of such object as seen from the center of the earth 
and from a station on the surface of the earth. The horz- 
zontal parallax, or that of the object in the horizon of the 
observer, is the angle subtended at the sun by the radius of 
the earth. 

The horizontal parallax may be represented by’ the 
formula 


- 
en rae = (approximate), . . (113) 
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in which P = horizontal parallax of the sun in seconds of arc; 
y = radius of the earth; and ; 
d = distance between the center of the earth and 
the sun. 

If it is desired to know the exact value of the equatorial 
parallax, whith is the parallax of a celestial object as seen by 
an observer at the equator, this may be found in the American 
Ephemeris. 

The parallax of the sun at any position above the horizon 
may be determined by the formula 


p= cos iA, Hletnn sisted? SCRA) 


in which ~ = parallax of the sun at any position, and 
A = angle at the earth’s surface between the object 
observed and the horizon. 


The following table (XLIX), from Hayford, gives the 
parallax of the sun for any date and altitude. As the distance 
of the sun is nearly the same for the same date in different 
years, this table may be used for any year. 

302. Refraction.—A ray of light from any celestial object 
encounters, as it approaches the earth, successive strata of air, 
each more dense than the upper. In passing through these 
the ray is continually bent out of the straight line so as to 
cause the portion of its path through the atmosphere of the 
earth to be acurve. This is refraction. 

Refraction acts according to the following general laws : 

1. When a ray passes from a lighter to a denser medium it 
ts refracted towards the normal to the separating surface by an 
amount which is a function of the angle between the ray and the 
normal, and of the densities of the two media. 

2. A plane containing a normal and an original ray also 
contains a refracted ray. 

The effect of refraction is noted directly in measuring 
altitudes, refraction always making the observed altitude too 


™ 
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great (Arts. 166 and 239). Refraction has no apparent effect 
on azimuth. As the theory and computations of refraction 
are complicated, the topographer is referred for the application 
of the effects of refraction to the following tables, derived 
from Hayford. 

Table L gives the mean refraction, X,,, under a barometric 
pressure of 29.9 inches and temperature of 50 degrees Fahren- 
heit. As mean refraction is a function of the altitude, it must 
be multiplied by a factor, Cy, derived from Table LI, if the 
barometric reading is not 29.9 inches. Finally, the mean 
refraction must be multiplied by the factor Cp (Table LII) 
where the temperature of the observation station differs from 
50 degrees. Refraction &, as computed by these tables, is 


AeA Cp Ou. mes se phis Meera ELIS) 


691 


eA Bibel EX. 


PARALLAX OF SUN. 
PARALLAX OF SUN (/) FOR FIRST DAY OF EACH MONTH. 


(From Hayford’s Geodetic Astronomy.) 
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TABLE WL. 
MEAN REFRACTION (Ru), BAROMETER 29.9 INCHES, TEMP. 
50° F. 


(From Hayford’s Geodetic Astronomy.) 


; : a G 
8 18 8 |s 8 |8 B |x 
. . * ear) ° u a) 7 
é Soe |e Bal sei os c.f oe ara i os 
2/26 | 82) 8] of | 88] 2 | of | &e] 2 | ce | Be 
Rota |e ss & S a = 
es Suv Be 5 oa | SS 3 om | se 3s om | $= 
el ear Oo pe te S) < P=) 0 < P=) S) 
0° 00! 34/ 08!’ 6 r1/’ 66 7°00! 7/ 24//.2 (el Uo(ele 19° 00/}2/ 47/6 o/’ 16 33° 00/|1/ 29//.4 oO!’ 06 
Io |32 15 .glto .88 1017 14°.9|/0 .OF 20 |2 44 .6/0 .15 20 |t 28 .210 .06 
20 |30 31 .1/10 .10 20 |7 06 .o/ 0 .88 40 |2 41 .6/0 .15 40 |I 27 .1/0 .05 
30 |28 53 .9] 9 .64 30/6 57 .4]/0 .84]| 20 00/2 38 .7/0 .14]] 34 OO|t 26 .1]/0 .05 
40/27 18 .2| 9 .20 40 |6 49 .1{/0 .8r 20 |2 35 -9|0 .14 20 25 .0} 0 .05 
50 |25 49 .8! 8 .50 50/6 41 .2/0 .78 40 |2 33 .210 .13 4 |I 24 .0] 0 .05 
00 |24 28 .3] 7 .82/] 8 00 f6 33 .5/0 .76|| 2r 00/2 30 .6/0 .13)| 35 oo|r 23 .o] 0 .05 
765|23 130.5) 7 327 to |6 26 .olo .73 30. |2, 28 .t) Oo. 299 20 |I 22 .0] 0 .05 
20 |22 04 .9] 6 «58 20/6 18 .9/0 .70 4o0|2 25 .6/0 .12 40 |I 21m .o] 0 .05 
30 |21 or .8] 6 .06 30/6 12 .o|o .68)| 22 oo /2 23 .2/0 .12|| 36 oo|1 20 .o]o .o5 
40 |20 03 .7/ 5 60 40 |6 o5 .3/0 .66 20|2 20 .9/0 .12 go |r 18 .5/0 .05 
50 |19 09 .8| 5 .20 50/5 58.9] 0 .63 40 |2) 18 .6| 0').21}| 37 00 |% 7) <1), 204 
00 |18 19.7] 4 -84]/| 9 Co|5 52 .7]/0 .6r]| 23 00/2 16 .4/0 «II 30 15-7} @ .o4 
10 |t7 33 .1| 4 -50 20/5 4o .8]/o .58 20|2 14 .2/0 .1t}| 38 oolr 14 «4/0 .04 
20 |16 49 .7] 4 .18 49/5 29 .7|/9° -54 40 }2 I2 .1|/0 .10 30 13 -I1/0 .04 
30 |16 09 .5] 3 -88)]10 co |5 19 .2/0 .51]] 24 00/2 IO .It/0 .TO|] 39 oo|t Ir .8/0 .o4 
40 |I5 32 3 .62 20/5 09 ° .48 20 |2 08 .1t]/o .10 30 ]I TO .5/0 .04 
BOU|ta 157193) 239 40/5 00 .1/0 .46 40 |2 06 .1}/0 .10]| 40 oo 09 .3)9 .04 
oo |14 24 .3] 3 .18//IT CO }4 51 .2/0 .43/| 25 00/2 04 .2)0 .09 go|r 08 .1]0 .og 
10/13 53 ..6| 2 98 20/4 42 .8/0 .40 20|2 02 .4/0 .09|] 41 oo|1 06 .9g]0 .04 
20*113: 24° 68] 2 279 40 }4 35-.0]0 .38 40 |2 00 .6/0 .09 30 |I 05 .7/0 .04 
30 |12 57 .8] 2 .61/|/12 00 f4 27 «5/0 .37/| 26 ooft 58 .8/0 .o9|] 42 oo|1r o4 .6/0 .04 
4o|t2 32.3) 2.46 20/4 20°.3/0 .35 20 |i 57 1/0 .09 go |I 03 «5/0 .04 
50/12 08 7] 2 .33 40 ]4 13 .5/0 .33 40 |v 55°.440 .08]| 43 oo |r O2 .4)0 .04 
oo {tr 46 .o] 2 .20/|/13 00/4 07 .1/0 .32]] 27 oo|I 53 .8lo .08 30 |E OF .3/0 .04 
To |tr 24 .6] 2 .09 20 }4 00 oO .30 20|t 52 .2)/0 .08|| 44 oO |1 00 .2/0 .03 
20 |1r 04 .2] 1 .98 40/3 55 iO) 28 40 |Z 50 +6/0 .08 30 |T 59 .2]/0 .03 
30 |t0 44 9] t .88]//14 00]3 49 «5/0 .27]| 28 oo|t 49 .1]/0 .08)]] 45 oolo 58 .2/0 .03 
40 |10 26 .5} 1 .79 20|3 44 .2|/0 .26 20 |I..47 .6] 0. .07 30/0, 57) .2| 0) .og 
Bo’ |\Lo logy. t| x 170 40/3 39 -1/0 .25 40 |i 46 .t/o .07]] 46 colo 56 .2/0 .03 
00 | 9 52-.6]/-2 .61/|15 00/3 34 .1/0 .24]] 29 oo|t 44 .6/0 .07 30 |O0 55 .2/0 .03 
To}|)9 136, .G|_0 654) 20|3 29 .4/0 .23 20 | 43 .2/0 .07|| 47 Cojo 54 .2]/0 .03 
20] 9 j2t <9] t «46 40/3 24.810 .29 40 [= 4t .810 «07 30 Jo 53 © .03 
30] 9 07.6] x .40]}16 00/3 20 «4/0 .221| 30 oo|t 4o «5/0 .07|| 48 colo 52 .5/0 .03 
40)" 8 (54, .0] 7. .B3 20/3 16 .1|0 .2t 20/0." 39 .1] OF «07 30 jo 5r .6/0 .03 
KO 8 '4n~ sall"r BF 40 |3 12 Oo .20 40|€ 37 .8]0 .06]| 49 oof]o 50 .7/ 0 .03 
oo} 8 28 .6/ 1 .22/\t7 00]3 08 .2]-0 .19]} 3r oo|t 36 .6/0 .06 30 ]o 49 .8}0 .03 
10)| 8416) 79 16 20/3 04 .5|0 .19 20{t 35 .3]/0 -06]| 50 colo 48 .g/o .03 
zo| 8%os< .3|) 2 02 40 |3 co .9/0 .18 40 |« 34.16 “o6 30 ]o 48 .o} oO .03 
30 |.7.54..3] 1 .07||18 00 |2 57 .4]0 .17]| 32 oo}t. 32 .a]0 .06|| 51 colo 47 .21 0 .03 
40| 7 43 .9| I .02 20 |2 54 .0}/0 .17 20]¢ 31 .81 0 .06 30 jo 46 .3/0 .03 
50] 7 33 -9] O .98 40 |2 50 .7]/0 .36 40 30 .6)0 .06!] 52 colo 45 .5/0 .03 


CORRECTION TO MEAN REFRACTION. 693 


‘FABLE LI, 
Z _ CORRECTON (Cg) TO MEAN REFRAC- 
TION DEPENDING UPON READING OF 
MEAN REFRAC- BAROMETER. 
TION (Rar).—Cont. R = (Ru)\(Cs)\(Co\( C1). 


“ (From Hayford’s Geodetic Astronomy.) 
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21.7 551 | 0.725|| 25.9 30.1 765 1.007 
* 21.8 554 | 0.729]| 26.0 2 
21.9 556 | 0.732|| 26.1 se} 
22.0 559 | 0-735|| 20.2 +4 
a2e% 561 | 0.739|| 26.3 5 
22.2 564 | 0.742|| 26.4 -6 
22.3 566 | 0.746|| 26.5 7 
22.4 569 | 0.749]| 26.6 8 
22.5 572 | 0.752|| 26.7 9 
22.6 574 | 0.755|| 26.8 ire) 
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CORRECTION (Cp) TO MEAN REFRACTION DEPENDING UPON 
READING OF DETACHED THERMOMETER. 


R = (Ru)(Cz)(Cd)(Ca)- 
(From Hayford’s Geodetic Astronomy.) 


yd au ‘is a .. a, 9 a 5 
ada |Cpy ll #6 las |'Cy | 241] Sele ak’ | ag 
oY DOS ioe D oe Eo D o's a5 

BY ies 0 & ae Ga & 

—31°.7| 1-172]! 20° |—6°.7] 1.062|} 65° | 18°.3] 0.972]| 110° 43°.3 | 0.895 
-t| 1.169]| 21 |—6 .1| 1.060]| 66 | 18 .9| 0.970]} x11 43 -9 | 0.804 
-6] 1.166]| 22 |—s .6| r.058/| 67 19 .4| 0.968/| 112 44 .4 | 0.892 
.o| Z 164) 23 |—5 .o} 1.056 68 20 .0| 0.966 113 45.0 o.89r 
-4| X.161|| 24 |—4 .4| 1.054]| 69 | 20 .6| 0.964/| x14 45 .6 | 0.890 
+9] 1-158)| 25 |—3 .9] 1.051\|- 70 21 .1| 0.962 115 46 .1 0.888 
+3) 2-250)" 26 |—3 .3] z.049]| 7x 21 .7| 0.961|} 116 46 .7 0.886 
8] 1.153]| 27 |--2 .8| 1.047|] 72 | 22 -2| 0.959|| x17 47 2 | 0.885 
*2\eEsI5El (28) —2e22) 045i) 73 22 .8) 0.957|| 118 47 .8 0.884 
7| 1-148)|, 29 |—c .7] 1.043]] 74 | 23 3] 0-955]; 119 48 .3 | 0.882 
I} Z.145|| 30 |—x .1] r.041 75 23 -9| 0.953|| 120 48 .9 0.881 
6] 1-143!] 3x |!—o .6] r.039]| 76 | 24 -4] 0.952]| 121 49 .4 | 0.880 
o| Xr t40)] 32 © .o}] 1.036]} 77 | 25 -ol O.g50]| 122 50.0 | 0,878 
4 1.138 33. [4-0 .6] 1.034|| 78 25 .6| 0.948 123 50 .6 0.877 
Ol DeLasil 34 I .1| r.032]] 79 | 26 .1| 0.946]] 124 51 -I | 0.876 
3] I-133]] 35 1 .7| 1.030]] 80 26 .7| 0.945]| 125 5E 67 ||, On074 
8 1.130, 36 2 .2| 1.028 Sr 27 2) 0.943 126 52 o2 0.873 
2| 1.128)| 37 2 .8| 1.026|| 82 27 .8| 0.941|| 127 52 .8 | 0.87% 

7\ X-T25|) 38 3.3) 1.024]| 83 28 .3) 0.939]| 128 53) «31 ||) Ons 70) 
1] 1.123]! 39 3 +9] t-o22l] 84 | 28 .9) 0.938]| 129 53 -9 | 0.868 
6] 1.120)} 4o 4 «4| 1.020]| 85 29 .4| 0.936)| 130 54 +4 0.867 
o| r.1t8)| 41 ‘5 .0] z.018]| 86 | 30 .0} 0.934 
4| 1.115|| 42 5 .6] 1.016|| 87 30 -6) 0.933 TABLE LIT. 
g| 1-113]] 43 6 .1] r.014|| 88 31 -I) 0.931] CORRECTION (Ca) TO 
3) Parry 44 6 «7! 1.012 89 31 -7| 0.929 MEAN REFRACTION 
8 abe 45 G) A Se, go 32 2 ° ie : DEPENDING UPON 
2 pe 4 . . i : 

a : ; ‘s 2B Teer oho READING OF AT- 
-7| 1.103 47 +3] I Oo 92 33 -3] 0.924 . © = 
oa|er. TOx||| 48 8 .9] 1.004]} 93 33 +9) 0.923 TACHED THERMOM 
-6] 1.099)} 49 Q +4| 1.002 04 34 .4| 0.92T ETER. 
.o] 1.096]| 50 | 10 2 #700 95 35 2 o.oto] = = (Ry (CR Cp)(C4)- 
.4| 1.094/| 51 Io .6] 0.99) 9 35 0.917 (F Hayford? 

| rom Hayford’s 

+9] 1.092)| 52 II .1] 0.996|| 97 36 .1| 0.916 Geodetic Astronomy.) 
-3| 2-089]] 53 II .7] 0.994 98 
+8) 1.087)| 54 | 12 .2] 0.992]! 99 Temp.| Temp. 
2] 1 085, 55 | 12 .8] o.990}| 100 Fahr. | Cent. 
.7| 1.082]! 56 13 .3] 0.988]| 101 a Sas SSS = 
al} DReosogl 57, 13 .Q} 0.986]| 102 3 —30° |—34°. 
6] 1 078, 58 14 .4] 0.985]| 103 —20 8 
-o] 1.076] 59 15 .0] 0.983]| 104 ae 
+4] 1.073 60 15 .6| 0.981}| 105 
+Q| %.071 61 16 .1| 0.979]| 106 
+3] 1.069] 62 16 .7| 0.977|| 107 
-8] 1.067 | 63 17 .2| 0.975|| 108 
+2] 1.064] 64 17.8] 0.973}| 109 
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CHAPTER XXXII. 
TIME. 


303. Interconversion of Time.—Sidereal time is referred 
to a fixed star, mean time to the sun. There is one more 
sidereal than solar day in the year. 

366.24 sidereal days = 365.24 mean solar days. 

24 hrs. sidereal time = 23 hrs. 56 min. 04.091 sec. mean 
solar time. 

24 hrs. mean time = 24 hrs. 03 min. 56.555 sec. sidereal 
time. 


Relations of Sidereal, Civil, and Mean Solar Time. 
ee ered WETTED TOs) Avie 5 RH es GEO) 
Be aed Whettel P<) ate 2 TZ) 
Die ON SL Batt Oc! PP Bete ity ees CEES) 
eta TOT tae Were oot ee. | gaye st TBO) 
deed HOt git Lae VO cons ees een’ KUBOY 
af De spot A Lh lv iene Ger 25 
[ia oe Ord), J it 2". (122) 


m See era 
For example see Article 315. 


lI 


Relation of Sidereal Time to Right Ascension and 
Hour-angle of a Star. 
ee et ee eee ees ew ERB) 
and eel he eet: oe Pe (12a) 
Relations of Sidereal and Mean Solar Intervals of Time. 
—Let r = ratio of tropical year, expressed in sidereal day to 


tropical year expressed in mean solar day; then 
695 


696 TIME. 
ABLES LTV: 
CONVERSION OF MEAN TIME INTO SIDEREAL TIME. 


(From Smithsonian Geographical Tables.) 


f m m m m 

Ss ° I 2 3 

hms Jaen, acy yim ieee yy | aat fosters} s ms s m s 
° ° 00 6 5 15 | 12 10 29 | 18 15 44 0.00 (2) Xe) 0.50 ue} 
I © 6 5 6 rr 20} 22 1634 | 18 21 49 oO OL o 4 0.51 2 36) 
2 01210] 6 t7 25 | 12 22 go | 18 27 54 0.02 0-7 0.52 3,10 
3 o 18 16 6 23 30 | 12 28' 45 | 18°33 50 0,03 oO It 0.53 eva) 
4 O 24 2I 6 29 36 | 12 34 50 | 18 go 5 0.04 o 15 0.54 3,17 
5 o 30 26 6 35 41 | 12 40 55 | £8 46 10 0.05 o 18 0-55 3.21 
6 o 36 31 6 41 46) 12.47 1 | £852 15 0.06 oO 22 0.56 3 25 
7 © 42537 | 647 51 | t2 53 6 | 18 58 20 0.07 o 26 0.57 3 28 
8 o 48 42 | 6 53 56 | 12.59°1r | 19 4 26 0.08 © 29 0.58 3°32 
9 05447, 6 © 2] 13 5 16 19 10 2t 9.09 ° 33 °.59 3.35 
be) Io 52 767 |) 2311 28 | tg n6 36 °.10 ° 37 0.€0 3 39 
It tr 658 71252 || 23 17 27 | Fo 22.4% O.TL © 40 0.61 3 43 
12 Lage 7 Setg |) L323, 32 \19 28.471 o.12 O 44 0.62 3 46 
13 r19 8| 7 24 23 | 13 29 37 | 19 34 52 0-13 it. 947 0.63 3 5° 
14 I 2513 | 7 30 28 | 13 35 42 | 19 40 57 0.14 O 5r 0.64 3 54 
15 1 31 19 | 7 36 33 | 13 41 48 | 19 47 2 0.15 © 55 0.65 357 
16 ET eeaalie 7 42us0 tsa 7) Ssmiegou sou a7 0.16 0 58 0.66 Bicone | 
17 1 4329 | 7 48 44 | 13 53 58 | 19 59 13 0.17 I 2 0.67 45 | 
18 1 49 34 | 754 49| 14 0 3] 20 5 18 0.18 1 6 0.68 4 8 
19 I 55 40 Si o"'54 i 14) V6) 6) |ezo: ar 23 0.19 BO 0.69 412) 
20 2 1 45 8 659 | 14 12 14 | 20 17 28 0.20 T1413 0.70 4 16 { 
21 28 7) 150 8 13 5 | 14 18 19 | 20 23 34 0.21 C27. 0.71 4 19 
22 213 55 8 19 10 | 14 24 24 | 20 20 39 0.22 I 20 0.72 4 23 
23 2520), 5 8 25 15 | 14 20 30 | 20 35 44 0.23 tT 24 0.73 4 27 
24 2°26, 6 8 31 20 | 14 36 35 | 20 4r 49 oO 24 1 28 0.74 4 30 
25 2 32 1 8 37 26 | 14 42 40 | 20 47 55 0.25 I 3% 0.75 racy 
26 2.38 16 8 43 31 | 14°48 45 | 20 54 0 0.26 I 35 0.76 4 38 
27 2 44 22 SEY Toso Mine's ey eeispe || Cnn TG) we 0.27 I 39 Bees 4 4% 
28 25027| 855 41 | 15 0 56 | 2t 610 0.28 I 42 0.78 rire 
29 2756320) 9 474) 15) 7) 1 || 2r ¥2516 0.29 t 46 0.79 4 49 
30 3.237 |_9 7 52] 15 13 6 | ar 18 ot 0-30 | __1 50 0.80 4 52 
3r 3 843] 9 13.57 | 15 19 12 | 21 24 26 0.31 1 53 0.81 4 56 
32 3 14 48 9 20 2] 15 25 17 | 2x 30 31 0.32 157 0.82 4 59 
83) 3°20 53 | 9 26 8 15 31 22 | ax 36 37 0.33 2 ¥ 0.83 5 3 
34 3 26 58 | 9 32 13 | 15 37 27 | 21 42 42 0.34 2 4 0.84 Gore; 
35 333 3 | 9,38 18 | 15 43.33 | 2x 48 47 0-35 2 8 0.85 5 10 
3 339 9] 9 44 23 | 15 49 38 | 2t 54 52 0.36 2 It 0.86 5 4 
37 34514] 9 50 28 | 15 55 43 | 22 0 £8 0.37 215 0.87 5 18 
38 3 51 19 9 56 34 | 16 1 48| 22 7 3 0.38 2 19 0.88 5 21 
39 3.57 24 | 10 239 | 16 754 | 2213 8 0.30 2 22 0.89 5 25 
40 43 30'| 10 8 44 | 16 13 50 | 22 19 13 0.40 2 26 0.90 5 20 
4r 4 9 35 | 10 14 49 | 16 20 4 | 22 25 19 O41 2 30 0.91 Se2 
42 4 15 40 | 10 20 55 | 16 26 9g | 22 3r 24 0.42 2 33 0.92 5 36 
43 4 2t 45 HPO Rife 16 32 14 | 22 37 29 0.43 2 37 0-93 5 49° 
44 4 27 51 | 10 33 5 | 16 38.20 | 22 43 34 | 0.44 2 41 0.94 5 43 
45 4 33 56 | 10 39 10 | 16 44 25 | 22 49 39 © 45 2 44 0.95 5 47 
46 4 40 1 | 10 45 16 | 16 50 30 | 22 55 45 0.46 2 48 0.96 BG 
47 4 46 6 | 10 51 21 | 1656 35 23 1 50 0.47 2 52 0.907 5 54 
48 4 52 12 | 10 57 26] 17 2 qt | 23 7 55 o 48 2) 55 0.98 5 58 
49 eS Senge Ui ESE te 8) 4Gnlll 2s) sen 0-49 2 58 0-99 6 2 
50 Did 225)|) he Ona 171450) 239000. 6 Qo 50 Si) 1.00 6 5 
St 5 10 27 | Il 15 42 | 17 20 56 | 23 26 11 £. — i i 
52 5 16 33 Il 2I 47 | 17 27 2 Be 32 16 || be Saale Shee Has, pw cnneaa thse 
53 5 a Saale 27 e 17 33. 7 | 23 38 2t || The table gives 
Sth 5 dy) SE 33S 17 39 I2)| 23 44 27 ~ h 
55 5 34 48 | 11 40 3 | 17 45 17 23 50 32 first for 142 54m 2™ 578 
56 5 40 54 | 11 46 8 | 17 51 23 | 23 56 37 SREIC: Bea yeas 
57 5 46 59 | 11 52 13 | 17 57 28 | 24 2 yo 2 27.44 
58 553 4| tr 5819] 18 3 33] 24 8 48 | The sum 
2 : 59 = 12 4 24 | 18 9g 38 24 14 53 140 57M 305,56 + om 278.44 = 15% o™ o8 

5 15 | 12 10 29 | 18 15 44 | 24 20 58 || is the required sidereal time. 
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PABGE CI. Ve 
CONVERSION OF SIDEREAL TIME INTO MEAN TIME. 


(From Smithsonian Geographical Tables.) 


-% m m m m 
Ss ° Le 2 3 

a Nem Si) tems hom (s/h) mks s m s s m s 
° re hia, “6 6 615 | 12 12 29 | 18 18 44 0,00 oo 0.50 3 
I o 6 6| 6 12 at | 12 18 35 | 18 24 50 0.01 °o 4 0.51 3°97 
i O12 12] 6 18 27 | 12 24 42 | 18 30 56 0.02 ° 7 0.52 3 10 
3 o 18 19 6 24 33 | 12 30 48 | 18 37 2 0.03 © 1% 0.53 3 14 
4 O 24 25 6 30 40 | 12 36 54] 18 43 g |]: © 04 o 15 0.54 3 18 
5 © 30 3r) 6 36 46 . 12 43 0 | 18 49 15 0.05 o 18 0.55 3 21 
6 o 36 37 | 6 42 52] 12 49 7] 18 £5 2x |; 0.06 © 22 0.56 3 25 
7 © 42 44 6 48 58 | 12 55 13] 19 1 27 , 0-07 ° 26 0.57 3 29 
8 o 48 50 655 4) Tei T9230 7 34. 0.08 02 0.58 3 32 
9 0 54 56 7oiene | 1s) 725° |) 2os13) 40 9.cg ° 33 °o 50 3.36 
10 & Hue Fa. TF | LS} UZ-BE 19 19 40 0.10 Oo 37 0 60 3.49 
It x #9 7 13) 28h), 13) 79 385), 19 125,52 O.1L © 40 0.0L 3 43 
12 ape Se 7 19 29 13 25 44 1g 31 59 o.12 oO 44 0.62 3 47 
13 I Ig 21 7 25, 30. || 13.32 50/19/98 js 4)| oO. 13 o 48 o 63 3 8 
14 I 2527 | 7 31 42 | 13 37 56 | 19 44 1x 0.14 © 5r 0.64 3 54 
15 I 31 34 | 7 37 48 | 13 44 3 | 39 50 17 0.15 ° 55 0.65 3 58 
16 I 37 40 7 43 54 | 13 50 9 | 19 56 23 0.16 °o 59 0.66 4 2 
17 t 43 46 7 50 1 | 23,56 15 | 20 “2-30 0.17 EH .2) 0.67 4 5 
18 I 49 52 Faso” Fe hits a 21 cot 8536 0.18 £6. 0.68 48g) 
19 SSsO hee) 2elael M4 VS 28" so 14 ae 0.19 I 10 0.60 4 13 
20 2 a2" 5 8 8 19 | 14 14 34 | 20 20 48 Orzo, JG ses) Te Ono, 4 16 
21 2 811 8 14 26 | 14 20 40 | 20 26 55 || 0-21 I 17 0.7i 4 20 
22 214 17'| 8 20 32 | 14-26 46 | 2033 1 0.22 I 21 0.72 424 

P 23 2 20 24 8 26 38 | 14 32 53 | 2039 7 0.23 I 24 0.73 4 27 
24 2 26 30 8 32 44 | 14 38 59 | 20 45 33 0.24 I 28 0.74 43y 
25 2 32 36 8 38 5: | 14 45 5 | 20 51 20 0.25 I 32 0.75 43 
26 238 42| 8 44 57 | 14 51 11 | 20 57 26 0.26 T 35 0.76 4 38 
27 24449 | 85: 3 | 1457 18] 2r 3 32 0.27 I 39 0.77 4 42 
28 25005541 857 Oi-ms. 3 27 | en) 68 0.28 T 43 0.78 4 46 
29 257 1 9. 3.26") 15) 9) 30 ||) ot a5 a5 0.29 I 46 0.79 4 49 
30 Cae pas 9 9 22 |.35 15 36 | 27 21 Sr o 70 e I 50 IK o $0 453 
31 Brome 9145 28 las 21 4a) |) exra7 57 CR eae 0.84 457 
32 3 15 20 Q 2% 34 | 15 27 49 | 21 34. 311) 0-32 157 0.82 BO) asl 
33 3 21 26 O27) 42° a5 3a755 | 2h 4o20.||) O33 2 1 0.83 ee | 
34 3 27 32 9 33, 47*| 55, 40" 127 4016 0.34 2 5 0.84 5 8 
35 3 33.38 9 39 53 | 15 46 8 | 21 52 22 e335 Cos) 0.85 Bove 
36 33945 | 9 4559 | 15 52 14] 21 58 28 0.36 212 0.86 5 15 
37 3.45 5t 952 5 | 5 58°20 | 22 4 35 0.37 2 16 0.87 5 19 
38 S05 Sr 9 58 12 | 16 4 26 | 2% 10 41 0.38 219 0.88 5 22 
39 358 3.|.10 4 28 | 16 1433) 22 16 47 0.39 223 |__ 0.89 5-26 
40 4 4 10] 10 10 24 | 16 16 3 e222 59 o.40 Ii 2 26 Ne eleroyo} 5 30 
41 | 4 10 16 | 10 16 30 | 16 22 45 | 22 29 0 Craw 2 30 0.9 5 33 
42 4 16 22 | 10 22°37 | 1628 51 |.22 35 6 . 0.42 234 0.92 5. 37 
3 4 22 28 | 10 28 43 | 16 34 57 | 22 41 12 0.43 2ST 0.93 5 41 
44 4 28 35 | 10 34 49 | 16 4t 4 | 22 47 18]| 9.44 2 41 0.04 5 44 
45 4 34,41 | 10 40 55 | 16 47 10 | 22 53 24 || 0.45 2 45 0.95 5 48 
46 AAO A7 | 1047 2} T6059 16.) 22 59. 3x 0.46 2 48 0.96 5 52 
47 4 46 53 | 10 53 8 | 16 59 22 | 23 5 37 0.47 2 52 SOT, 5 55 
48 4 53° (Oul fo 59 x4 | 17 520 |) 23/25 43 | 0.48 2 56 0.98 5 59 
49 4a5Q° 6 | mie ga20 | t7 Lt 35.) 23 97 49 0.49 259» » ls 50499 6 3 
50 S. 5 12 |} mr, am 27.) 27-27 41 | 23 23 56.|_. S450 33-3 I 00 6 6 
51 5 11 18 | 11 17 33 | 17°23 47 | 23 30 2 Example.—Given 15) 0™ 0%, 
52 Sop re2b ay Be ae a) | 87. 29 54) 25 36 8 || The table gives 
Se) § 23 3% | IT 290 45 | 17 3 ON naa a ea, h --m 798 am 
54 | 6 29 37 | tr 35 52 | 17 42 6 | 23 48 2t fivet for. PSL eee ee: 
55 5 35 43 | TE 4 58 | 17 48 12 | 23 54 27 eras ofS 
5 i Ate so |) ux 4) 17 54 19 | 24 © 33 
57 Pup ie6.| etietse'|x6 =o 25-|'24 (6 35 ee ey eA: 
58 Sg 2 || m2 0 177/18 6 3x |} 24 12.46 The difference 
Exe) 6-0 8 | s2 6 23 | 18 12 37°) 24 18 52 — 152 o™ of — 2™ 278.44 = 144 59™ 328.56 
[60 CuGasiliasias co) I8ea8 44 | 24 24 58 is the required mean time 
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366.2422 
= ee et 1,002 725 
‘ 365.2422 ; fe 


. 


Ls=rl=I+(r— 1 =1+4 0.002738/; 
lerla=f—(1—7)l =f —0.002730/. (126) 


Fic. 180.—CONVERSION OF TIME. 


ag SAGE) 


These conversions are made by means of Tables LIV and 


LY, in which examples are shown. 


304. Interconversion of Time and Arc.—In the perform- 
ance of geodetic operations it frequently becomes necessary 
to convert time into longitude expressed in degrees of arc, 
and vice versa. The following tables facilitate this and sim- 
ilar operations and are for the interconversion of sidereal time 
and parts of the equator in degrees of arc, or of sidereal time 


and terrestrial longitude in arc. 
TABLE LVI. 


CONSTANTS FOR THE INTERCONVERSION OF TIME AND ARC. 


co 


Logarithms. 


T2hoursmexpLlessoduimEuSeCOnG Serre crc airs 
Complement tosthessamvety.t xy. /teas ey screl- 


PAUHOUTS eX piheSSCdmMlSeeONG Swen etal e stein 
Coniplementit oppiersam Crt cle trl -tes 


Bo0derrees, expressed iniscconds «teria 


Loe 


To convert sidereal time into mean solar time 


43200. 
.00002315 


864090. 
-OOOOII57 


1296000. 


4.6354837 
5.3645163 


4-9365137 
5.0634863 


6.1126050 


9.9988126 | 
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Jone lo tly 
CONVERSION OF TIME INTO ARC OR TERRESTRIAL 
LONGITUDE. 
(From Lee’s Tables.) 
* 
Hours. Minutes. Seconds. 
Time. Are Time. Are. Time. Arc Time. Arc Time.| Arc 
h. 2) m. eras m. ebay Ss. ets & as RI 
I 15 I O15 Syl 7 45 I 015 31 7 45 
2 30 2 Oo 30 32 8 00 2 O 30 32 8 00 
3 45 3 © 45 B38 8 15 3 0 45 Souecans 
4 60 4 I 00 34 8 30 4 I 00 34 8 30 
5 75 5 rus 35 8 45 5 I 15 35 8 45 
6 go 6 F 30 36 9 00 6 I 30 36 g 00 
7 105 7 I 45 37 9 15 7 I 45 Sy 915 
8 120 8 2 00 38 g 30 8 2 00 38 9 30 
9 135 9 215 39 9 45 9 215 39 Q 45 
Io 150 Io 2 30 40 IO 00 ste) 2E30 40 | 10 0O 
II 165 II 2 45 41 IO 15 ‘ie 2 45 Alea Ons 
I2 180 I2 3 00 42 10 30 || 12 3 00 42,|| 10°30 
13 195 13 Bors 43 1045 | 13 315 43 | 10 45 
14 210 14 3 30 44 II 00 14 3 30 44 | II 00 
15 225 15 3 45 45 II 15 15 3 45 ANB) |p 20k els 
16 240 16 4 00 46 iL Zo 16 4 00 AO | Lingo 
17 255 sy 415 47 II 45 17 415" 47.) 145 
18 270 18 4 30 48 12 00 18 4 30 48 | T2%00 
19 285 19 445 49 12 15 1g 4 45 49 | 1215 
20 300 20 5 00 50 I2 30 20 5 00 Or ||| aia So) 
21 315 By 5 15 51 I2 45 oT Ripe > sa I2 45 
22 330 22 5 30 52 13 00 22 5 30 \} 52 | 13 00 
23 345 23 5 45 oe) 13 15 23 5 45 SOL onto 
24 360 24 6 00 54 13 30 24 6 00 HEH! NS 30 
25 6 15 55 | 13 454} 25 G25 91) 55/13 45 
26 6 30 56 14 00 26 6 30 | 56 | 14 00 
a7 1645 \o57 |-tH ase) 27 |645-|| 57 | 415 
28 7 00 58 T4 30 28 7 00 | 5S. | 1430 
29 thugs) 59 14 45 29 TUS Wy 59) Ba 45 
30 7230 60 I5 00 30 7 30 | 60 | 15 00 
J 
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TABLE IV LEY, 


CONVERSION OF TIME INTO ARC, ETC.—(Continued.) 
(From Lee’s Tables.) 


‘ pag 
Tenths of Seconds. 38 : 
oO 
= i BGG Arc 
Time.| Arc. || Time.| Arc. |}Time.| Arc. || Time.} Arc. ||Time.| Arc. Ze 
s. ’ Ss. yy Ss. uw S. " j Ss. yy S. 1) 
0.01 | 0.15 || 0.21] 3-15 || 0.41} 6.15 || 0.61 | 9.15 || 0.81 112.15 || 0.cor| 0.015 
0.02 | 0.30 |} 0.22] 3.30 |] 0.42] 6.30 || 0.62] 9.30/| 0.82] 12.30!| 0.002! 0.030 
0.03 | 0.45 || 0.23 | 3-45 |] 0.43] 6.45 || 0.63] 9.45 || 0.83 | 12 45 || 0.003) 0.045 
0.04 | 0.60 || 0.24] 3.60 |] 0.44} 6.60 || 0.64} 9.60|| 0.84 | 12 Eo | 0.004] 0.060 
0.05 | 0.75 || 0.25] 3.75 || 0.45 | 6.75 || 0.65] 9.75 || 0.85 | 12.75 || 0.005| 0.075 


0.26 | 3.90 || 0.46| 6.90 || 0.66! 9.901] 0.86} 12.90'| 0.c06) 0.cgo 
I 0.27} 4.05 || 0.47| 7.05 || 0.67 | 10.05 || 0.87 | 13.05 || 0.007| 0.105 
0.08 | 1.20 || 0.28| 4.20 || 0.48] 7.20 || 0.68 | 10.20 || 0.88 | 13.20 | 0.008) 0.120 
I 0.29} 4.35 || 0.49] 7.35 || 0.69 | 10.35 c.89 | 13.35 || 0.009] 0.135 
I.50 || 0.30| 4.50 |] 0.50] 7.50 || 0.70 | 10.50 || 0.g0! 13.50 || 0.010) 0.150 


Oo 1.65 |! 0.31 | 4.65 ||} 0.51] 7.65 || 0.71 | 10.65 || 0.91 | 13.65 
fo) 1.80 || 0.32] 4.80 || 0.52| 7.80 |; 0.72] 10 80 | 0.92 | 13.80 
0.13} 1-95 |, 0-33) 4-95 |! 0.53! 7.95 || 0.73 | 10.95 || 0.93 | 13.95 
fo) 2 
fo) 2 


.10 || 0.34] 5.10 || 0.54] 8.10 |} 0.74] 11.10 || 0.94 | 14.10 
-25 || 0.35 | 5.25 || 0.55] 8.25 || 0.75 | 11.25 || 0.95 | 14.25 


0.16 2.40 0.36 | 5.40 |} 0.56| 8.40 || 0.76; 11.40 | ©.96) 14.40 
0.17 | 2.55 || 0.37] 5-55 || 0.57| 8.55 |] 0.77] 11-55 || 0.97 | 14.55 
0.18 | 2.70 || 0.38 5-70 || 0.58] 8.70 || 0.78] r1.70 || 0.98 | 14.70 
0.19 | 2.85 || 0.39} 5.85 || 0.59| 8.85 || 0.79) 11.85 || 0.99] 14.85 
0.20 | 3.00 || 0.40 | 6.00 || 0.€0| 9.00 |] 0.80 | 12.00 | 1.00] 15.00 


305. Determination of Time.—This consists in finding 


the correction to the clock, watch, or chronometer used to 
record time. 


Let Z = clock time of any event at any place; 
47 =clock correction; and 


7, = required corresponding true time. Then 


Timed aid ey, Seat we ee Oy 


Clock correction may be found by several methods, three 
of the best and simplest being those given by Prof. R. S. 


DETERMINATION OF TIME. 


TABLE LIX.—CONVERSION OF ARC INTO TIME. 
(From Smithsonian Geographical Tables.) 
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Woodward in Smithsonian Geographical Tables, and they are 
reproduced here from that work. They are: 


1. By observing the transit of a star, whose right ascen- 
sion is known, across the meridian. 

2. By a single observed altitude of a star, which gives a 
fair approximate measure of time for geographic purposes. 

3. By equal altitudes of a star. 


The first is the most accurate and is that used in refined 
work. It is fully explained in Article 308 and in connection 
with determination of longitude (Chap. XXXV). The 
second method, elaborated in Article 306, requires a knowl- 
edge of the latitude of the place, which may be approximately 
measured from a good map or obtained by simple observa- 
tions (Art. 316). 

The third method is an extension of the preceding. A 
mean of the times when a star has the same altitude east and 
west of the meridian, is the time of meridian transit. With 
an engineer's transit with telescope clamped, this method 
gives a good approximation to the time correction, freed of 
constant instrumental errors. The same method can be 
satisfactorily applied to the sun, using either engineer's transit 
or sextant (Arts. 85 and 336). This is done by making 
measurements about two hours before and after noon of a 
series of altitudes before and after passage of the meridian, 
and taking a mean of the half-sums for time of meridian 
transit (Art. 308). 

306. Time by a Single Observed Altitude of a Star.— 
An approximate determination of time, often sufficient for 
the purposes of the geographer, may be had by observing the 
altitude or zenith distance of a known star. The method 
requires also a knowledge of the latitude of the place. 


Let 2, = the observed zenith distance of the star; 


1 


g = the true zenith distance of the star 
= a + IK, 
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Then the hour-angle ¢ may be computed by the formula 


sin (¢ — #) cos (« — 6) 

cos © cos (o — 2) 
in which ¢ = $(¢+ 6+ 2). 

307. Approximate Time from Sun.—To find approximate 
time or watch correction, observe the sun shortly before noon 
and, when it reaches its highest point, note the watch time of 
observed greatest altitude. This is a quick method, giving 
time within 10 m. 


fans ot (128) 


Example of Computation, April 16, 1898. 


The instant of sun’s greatest altitude occurs h. m. s. 


ANE SDAA NOOK Ms pats ocnmis Ges ie ee hoot I2 OO 00 
eeQuationsOr time esi piil “EO. eke ys ae — 17 
(hrmenocal mean, tiie.s . oy... ss don Il 59 43 
Watch time of instant of sun’s greatest 
Ge LC MMM Ere trees coe Sede es Oats on. Tai5 30) PM. 
WVtGGIMECOITECtIOLin s 52%:e%, fee hs Fete et 47 


Watch is therefore 1 h. 16 m. fast of local mean time, 
which is about what it would be if ‘‘ Pacific standard’’ time 
were used in longitude 136°. 

308. Time by Meridian Transits.—The time of transit 
across the meridian being observed of a star whose right 
ascension is known, we have 


Nba Maem) tay aig tis. ites (126) 


Meridian transits of stars may be observed by means of a 
theodolite or transit instrument mounted so that its telescope 
describes the meridian when rotated about its horizontal axis. 
The meridian transit instrument is specially designed for this 
purpose, and affords the most precise method of determining 
time. (Fig. 181.) 
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Since it is impossible to place the telescope of such an 
instrument exactly in the meridian, it is essential in precise 
work to determine certain constants, which define this defect 
of adjustment, along with the clock correction. These con- 
stants are the azimuth of the telescope when in the horizon, 
the inclination of the horizontal axis of the telescope, and the 
error of collimation of the telescope. 

Let @ = azimuth constant; 

6 = inclination or level constant; 
¢ = collimation constant. 


ais considered plus when the instrument points east of 
south; 4 is plus when the west end of the rotation axis is the 
higher; and c¢ is intrinsically plus when the star observed 
crosses the thread too soon from lack of collimation. 

Also let 


sin (@ — 9) aa f 
Ai Sea aU Nie the “hazimuthifactarr i) (igo) 
cos — 06 
see = Cc =a the “level facton snes uGig Ty 
cos 6 


=—6= the “collimation factor.’". ~2° (132) 


Then, when @,.6, ¢ are mot ereater titan. 1O" each mane 
preferably as small as 1° each, 


Poa AT Aa Bb Coal — 7 yea, i (133) 


This is known as Mayer's formula for the computation of 
time from star transits. 

The quantity 4é is generally observed directly with a 
striding-level. Assuming it to be known and combined with 
-T, the above equation gives 


Al Ag -iCe at 2) aa Se Penne rsa) 
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This equation involves four unknown quantities, 4T, a, c, 
and 7; so that in general it will be essential to observe at 
least four different stars in order to get the objective quan- 
tity JZ. Where great precision is not needed, the effect of 
the rate, for short intervals of time, may be ignored, and the 
collimation ¢ may be rendered insignificant by adjustment. 
Then the equation (134) is simplified into 


deed Ae 1 pec tags ys (1 35,) 


This shows that observations of two stars of different 
-declinations will suffice to give J7. Since the factor A is 
plus for stars south of the zenith in north latitude and minus 
for stars north of the zenith, if stars be so chosen as to make 
the two values of 4 equal numerically but of opposite signs, 
47 will result from the mean of two equations of the form 
(135). With good instrumental adjustments, i.e. 6 and c small, 
this simple form of observation with a theodolite will give 47 
to the nearest second. 

A still better plan for approximate determination of time 
is to observe a pair of north and south stars as above, and then 
reverse the telescope and observe another pair similarly 
situated, since the remaining error of collimation will be partly 
if not wholly eliminated. Indeed, a well-selected and well- 
observed set of four stars will give the error of the timepiece 
used within a half second or less. This method is especially 
available to geographers who may desire such an approximate 
value of the timepiece correction for use in determining 
azimuth. It will suffice in the application of the method to 
set up the theodolite or transit in the vertical plane of Polaris, 
which is always close enough to the meridian. The deter- 
mination will then proceed according to the following pro- 
gramme: 

1. Observe time of transit of a star south of zenith, 

2. Observe time of transit of a star north of zenith. 
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Reverse the telescope and 

3. Observe time of transit of a star south of zenith; 

4. Observe time of transit of a star north of zenith. 

Each star observation will give an equation of the form 
(134), and the mean of the four resulting equations is 


ay. | reds T,)  2(a@— T) 
4 4 4 a 4 


A4T+a 


. (136) 


Now the coefficient of 7 in this equation may be always 
made zero by taking for the epoch 7, the mean of the ob- 
served times 7. Likewise, 2.4 and SC may be made small 
by suitably selected stars, since two of the A’s and C’s are 
positive and two negative. The value 45(@ — 7) is thus 
always a close approximation to 47 for the epoch 7, = 437, 
when SA and SC approximate to zero. But if these sums 
are not small, approximate values of a and c may be found 
from the four equations of the form (134), neglecting the 
rate, and these substituted in the above formula will give all 
needful precision. 

For refined work, as in determining differences of longi- 
tude, several groups of stars are observed, half of them with 
the telescope in one pusition and half in the reverse position, 
and the quantities 47, a, c, and 7 are computed by the 
method of least squares (Art. 264). In such work it is 
always advantageous to select the stars with a view to mak- 
ing the sums of the azimuth and collimation coefficients 
approximate to zero, since this gives the highest precision 
and entails the simplest computations. 


CUHARLIER X XXIII. 
AZIMUTH. 


309. Determination of Azimuth.—The azimuth of a line 
is the angle which it makes with a true north.and south line: 
this angle is measured from the south around towards the 
west. It gives the initial direction from which the direc- 
tions of other lines in a trigonometric or traverse survey are 
derived. Azimuth is obtained by means of astronomic obser- 
vations by more or less approximate methods. For primary 
triangulation or traverse such observations are made by the 
most accurate methods, and at intervals not greater than 50 
to 75 miles in primary triangulation, and not exceeding 10 
miles in primary traverse. 

The determination of the ema of a terrestrial line 
consists in the measurement of an angle between two vertical 
planes, one passing through a terrestrial mark called the azz- 
muth mark and the center of the instrument, and the other 
through an observed star and the center of the instrument. 
The exact time at which pointing is made upon the star must 
be noted by a chronometer, the error of which is known, .be- 
cause the angle of the star between these two points is con- 
tinually changing. With the aid of the recorded time, the 
hour-angle of the star and its azimuth as seen from the station 
may be computed. The measured hour-angle at the station 
between the star and the azimuth mark added to or subtracted 
fromthe computed azimuth of the star gives the azimuth of 
the terrestrial mark from the station. ; 

310. Observing for Azimuth.—The instrument used in 


making azimuth observations is a theodolite similar to that 
797 
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used in primary triangulation or traverse (Art. 241). Azi- 
muth observations may be made, however, for secondary 
purposes, as for the reduction of transit traverse lines by 
means of latitudes and departures with the instrument used 
in running the traverse (Arts. 90 and 85). In this case the 
method employed is similar to that hereafter described, but 
is more simple because the instruments employed are less 
accurate and call, therefore, for less care in their use (Art. 
311). The observation for azimuth by astronomic methods, 
as those required in the determination of primary azimuths of 
a base line or in a belt of triangulation, consists in the meas- 
urement of the horizontal angle between some close circum- 
polar star, usually Polaris, and aterrestrial mark. The latter 
is generally a bull’s-eye lantern set at a distance of at least 
half to one mile from the observer's station. 

Since the star is at a much higher angle than the terres- — 
trial mark, it is necessary to measure the error of level and to 
correct for it in addition to carefully leveling the instrument. 
As a result the value of a division of the level-bubble must be 
accurately known. Observations for azimuth may be made 
at any time of night, preferably near the time of elongation, 
since the star is then moving most slowly in azimuth and any 
error in time has the least effect in the result. The error of 
the watch must be obtained by comparison with a standard of 
time and corrected for the difference in longitude between the 
observing station and the meridian of such standard of time. 

311. Approximate Solar Azimuth.— This observation 
may be made to obtain meridians in public-land surveys and 
for similar approximate work, the only instrument required 
being an engineer’s transit in good adjustment, thus doing 
away with the solar (Art. 339) or other special attachments. 

Observations should be made in the morning and afternoon, 
the routine being as follows: 

1. Point on azimuth mark and read horizontal circle; 

2. Point on sun with telescope direct; 
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3. Point on sun with telescope inverted ; 

4. Point on azimuth mark and read horizontal circle. 

To eliminate errors of collimation and of verticality and 
horizontality of cross-hairs, two pointings on the sun are made 
thus: : 

In the morning observations the sun is passing to the 
right and rising. Observe in upper left and lower right 
quadrants, the contacts being on lower and first limb. This 
operation is so performed as to facilitate manipulation of tan- 
gent motions of the instrument and in order that only one 
slow motion shall be used during the observation. The hori- 
zontal thread in the first case should be set above the limb of the 
sun so that, as the latter rises, it may be closely watched, and 
just as the sun moves off contact the vertical cross-hair must 
be made tangent to the first limb by the slow motion. In 
the second case the vertical cross-hair may be set just to the 
right of the limb and slow motion made with the vertical 
tangent screw. In the afternoon the routine is to observe.in 
the upper right and lower left quadrants, the method of 
manipulation being similar to the above. 


Let s = sun’s diameter; 

= collimation error; 

0 = position of azimuth mark; 

A’ —s—c-= horizontal angle between some 
fixed point, 0, and the sun’s 
center in the first observation 
with telescope; 

a’ = A” +s—c=horizontal angle between some 
point, 0, and the sun’s center on 
the second observation with the 
telescope inverted ; 

A’ = circle reading when telescope is pointed at sun’s 

first limb; 

A” = circle reading when telescope is ‘pointed at sun’s 

second limb. 


Q 
| 


Then 
OBS (4! 41. RYE) 
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H =’ +s+e; 
He = [f= 3s = 63 


H+ A” W+h" 
Pip < 2 


Let 6 = declination = 14+ ¢-+ P); 
A = altitude corrected for refraction; 
o-— latitude, 
p = sun's or star’s polar distance ; 
a = azimuth counted from the north. 


Then 
I sin (s — #) sin (s — @ 
(200) Ss Ss ( ) ( ) wit hte (138) 
2 cos s . cos (s — f) 
EXAMPLE. 
Azimuth Mark. Sun, Horizontal Circle. 
Weta Wises 18} Wena Ver. B. 
25° 24" ONS OIE 22 OD) 203° o1! 
25 24 ,. 205 25 23 54 203°. 15 
‘ ASA Ss hee ——$$$ $$ ___ = 
Mean, 25° 24’ 23° 05 
5 24: 
23 08 
Angle between mark and mean place of sun ......... 2° 16’ 
Sun, Vertical Circle. Index. 
srs tas 
Toma y, at 
10° -42’ +1 
+ 1 
peAititudemeus. cams TO i 
Refraction .... ...  -- 5 always negative 


ee 


Corrected altitude..10° 36’ 


More pointings than two are desirable, and these should be 
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equally divided between the two limbs so as to eliminate the 
semi-diameter of sun. 
first find sun's polar distance corresponding to approxi- 
mate time of observation. 
Date, April 16, 1898. 


Approximate time of observation by watch..... 7h. 15 m. A.M. 
Watch correction (Amt-1303) aereecus pansies =. cieccie a Tieee lS 
Ga OO 
Map longitude from Greenwich 136° =485 hrs.= + 8 48 always positive 
Greenwich time approximate seni. © mek > «clea ce 15 hours after midnight 
Subtractee 12am 
Greenwich time after noon, because declination 
1S? PUVIEM LOTEN OOM ce seicr) steers Sets dos 2 eens 3 P.M. 
Hourly change in declination, April 16......... + 53” 


3 h. SK Bey" = +> 159” = _o 2' 39” 
Sun’s declination, April 16, Greenwich noon 


UME ENS) algo Seas ae ouproaauSsaae Bo aUOuOS + 10 13 49 
Sun’s declination, April 16, 3 hours later....... “To 16 28° 
Sun’s polar distance go° — sun’s declination.... 79 44 
Sun’s polar distance.............+eeeee 79° 44’ 
Watt] <reetsets aw lec Ris istete ole iextrers, siajersioretoiste 64 23 
Obsenvyedialtitnder «e's /iiets fess 1-100 x0 Io 36 
Stlpreaterteie se btaels retetarerercie aieterhe ates 154 43 
PSO OROIC Lt BUCEA COC OOO Ines Coie ain 77 21 log. sec. = 0.6596 
ASU TT ese) CLEULG Cr a niece eke oiersiays oles eusierstete 665455 sine —=9919632 
2: gunn Eo ano paneer Aetna veeUGe 26 6 L205 S08 ee SIN, 1913510 
4 sum — polar-distance ..-............. 202 Stee SECA 0.0004 
Geeks SWits |. 105 cele sisi of vim viegenaterm iene 154 41 2)9.9742 
Log. tan. $ azimuth... .scecewrssseeccsriescssee 9.9871 
Ay Uz LIMA t I aeeeporcdede heft scene sis y= fie) iors 44° 09 [from north. 
AZATATUE DS chery elorers ia iollalbilel> steie; «[e/i+.0le 88 18 always measured 
Angle between sun and mark ......----++0+- 6216: 
Azimuth of mark (east of north)............. go° 34’ 


Another and quite simple formula for determining the 
meridian by a single solar observation is given by Mr. W. 
Newbrough and is as follows: 


Cos 4a ye S cos (S tg p) ° ° F (139) 


cos @ cos h 


where @ = sun’s azimuth measured from north; 
~ = sun’s polar distance or codeclination ; 
ft = sun’s altitude minus correction for refraction; 
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S = half the sum of polar distance, latitude, and true 
azimuth; and 
@ = latitude of place of observation. 

312. Azimuths of Secondary Accuracy.—In observing 
an azimuth on a primary traverse, less care and accuracy are 
required than in observing a primary azimuth in triangulation. 
The following procedure illustrates the observing and com- 
puting of such a secondary azimuth. The instrument is cen- 
tered over any station on the traverse line, and the azimuth 
mark placed at the next station. This should be at least 1500 
feet from the instrument, and may be a narrow slit in a box 
containing a light, or the small colored light on the side of a 
bicycle-lamp carefully centered over the station. The error 
of a good watch should be known by comparison with 
telegraph time signal, which is sent over all Western Union 
lines once every day. 

The angle is then measured between the azimuth mark 
and Polaris, making at least six pointings at both mark and 
star, three with telescope direct and three with telescope re- 
versed, and at each star pointing the time is noted to nearest 
second. Then the reduction is made in the following manner: 


EXAMPLE. 
Latitude 34° 32’ (to nearest minute); longitude 92° 35’. 
(Gro. T. Hawkins, Observer and Computer.) 

Azimuth observation at Benton, Ark., October 8, 1898. Between in- 
strument traverse stations Io6and 107. Instrument at sta. 107, mark at sta. 
106. go° meridian time by watch, which was compared with Western Union 
time at 10 o’clock to-day and found to be 1.0 minute slow (Arts. 230 and 234). 


Time by watch................... 7% 10o™ 49% = mean time of 6 pointings on Polaris. 
Correction of wateh..---.. 5... <a. + or 00 

“7 11 49 =o? meridian time of observation. 
Correction for longitude. ....... — 10 20 

“7 or 29  =astr. local mean time observation. 
Upper culmination, subtract...— 12 14 06 
Hour-angle Polaris at observation 18 47 23 U. C. Polaris Oct. 1 (Table LXIII). 12 37.7 
Subtract from ceca ae cesetesiss ae 23 56 06 Reduction to Oct. 7 (Table LXIV).. — 23.6 
Time argument Actetaeie oth Ge ek eS Wir @s DolarichO@cty7 cms tose wie nolan 
Azimuth of Polaris at observation (Table LXV)...........seee08 eee 1° 28’ 17’’ or 181° 28/ 17/” 
Angle at sta, 106 bet. sta. 107 and Polaris (mean of 6 readings) ............... + 43 02 00 
Azimuthifrom|stasto7 tostansO gerne aantyaitonsnteedasttteer esteem = 224° 30! 17” 

— 180° 


AZIMUPN TLOMIStas G0 CO) Stan toy crevaste alas sles pieeiers ein sic racer eislalctacanisletetsieie reticle 44° 30! 17’ 
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TABLE) LX: 


APPROXIMATE LOCAL MEAN ASTRONOMIC TIMES OF THE 
CULMINATIONS AND ELONGATIONS OF POLARIS FOR THE 
YEAR 1900. 


Latitude 40° north ; longitude 6" west of Greenwich. 


i Date Eastern Upper Western Lower 
‘ Elongation. Culmination. Elongation. Culmination, 
1900, h m h m h m h m 
Mesoyi OW AES 62 96.3 2 ae el 18 34.3 
15 23 A258 5 41.0 IG 35.08 D7 3020 
Feb. 1 2 Dimes at 4993359 LOM 25.07, TOs LAO 
T Se ee te 30 50) 3 38.6 9 33-5 15 36.6 
Mar 2 20 44.7 Po HIGYAYE| ) » SEB Te Ald 
15 19 49-5 Ta 648-32 7ieA3eO Terns 
Aprs £ 18 42.6 Of, 4reg 6 360.1 1H GY) vil 
15 17 Az-0 OPA at. Se elec E II 44.4 
Mayr In eer6! 4428 22553015 Aaa 38s 3 TO) res 
15] I5 49.9 2r 44.6 3 43-4 9 46.6 
June 1 Iq 43.2 20 38.0 BP HOs5) 8 40.0 
15} 13 48.4 1g 43.2 I 41-9 7 45-2 
Jiliyes oars 18 40.5 Onggne 6 42.5 
U5 II 50.9 LIAS 7 23° 40.5 Set Wow 
ENTS See TOW 43 TO) 30.1 22.33. 0) Ara Tie, 
15 9 49-5 15 44-3 21 39.1 3 46.3 
Sept. 1 Sea2.5 TAM S70 20 32.4 Fy XO). (6) 
15 7 47-9 13 42.7 19 37-5 [ 44.7 
Oct. i 6 45.1 123950 ites | Gyre Gy OF 410 
15 5 50.1 Il 44.9 17 39-7 23° 43.0 
Nov To teed S19 10 638.1 Owe 3220 22 eesOlt 
15 3. 48.1 9 42.9 15 37-7 21 40.9 
ye Camel NAR AL 8 39.9 TA Ba 20) 337110 
15 I 49-9 7 44-7 13 39-5 Ig 42-7 


. To refer to any calendar day other than the first and fifteenth of each 
month, subtract 3.94" from every day between it and the preceding 
tabular day. or add 3.94" for every day between it and the succeeding 
tabular day. 

It will be noticed that for the tabular year two eastern elongations 
occur on January 10, and two western elongations on July 9; there are 
also two upper culminations on April 10 and two lower culminations on 
October Io. 

The lower culmination either follows or precedes the upper culmination 
at an interval of 11" 58.0". Also east elongation either follows west 
elongation at an interval of 12" 06.5™ or precedes it at an interval of 
Er S4g,0™. 

To refer the tabular times to any year subsequent to the year 1898, add 
0.2™ (nearly) for every additional year. 
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TABLE LXDP. 
AZIMUTHS OF POLARIS AT ELONGATION 
Between 1goo and 1910 and Latitudes 25° and 75° North. 


(From U. S. Land Survey Manual.) 


Latitude. 1900, 1901. 1902. 1903. 1904. 1905. 
30 I 24.9 T2420 Te ane I 23.9 e235 if Payot 
31 25.8 25.5 25.1 247, 24.4 24.0 
32 26.7 26.4 26.0 25.6 - 25.3 24.9 
33 27.7, 2733 27.0 26.6 2082 25-9 
34 28.7 28.4 28.0 27-6 272 26.9 
35 I 29.8 I 29.4 I 29.0 i A}5 97) Te2Sing T2759 
36 30.9 30.5 30.1 29.8 29-4 29.0 
37) B2 nr 31.7 SUES! 30.9 30.5 30.1 
38 33-4 33.0 32.6 B242 31.8) | 31.4 
39 34-7 34-3 33-9 33-5 33. a 32.7 
4O I 36.0 I 35.6 Teg52 I 34.8 134.4) i) ele34.0 
4I 37-5 37-1 36.7 36.2 35-8 | 35-4 
42 39-0 38.6 Bowe B77 317/93 %aal 36.9 
43 40.6 40.2 39-8 39-3 38.9 38.5 
44 42.3 41.8 41.4 41.0 40.5 40.1 
45 I 44.0 I 43.6 £4322 Mt FOIA) Teens sO ZB tates 
46 45.9 45-5 45-0 44-6 44.2 43-7 
47 47-9 47-4 46.9 46.5 46.0 45.6 
48 49-9 49-5 49-0 48.6 48.1 47-7 
49 52.1 ity 51.2 50.7 50.2 49.8 
50 I 54.4 I 54.0 5b ESE I 53.0 1 52.5 I 52.0 

Latitude, 1906 1907. 1908 1909 1910 
30 T2250 Tee 21a Te22on PRESS) ae eS 
31 23.6 2242 22.9 22.5 2282 
32 24.5 24.1 23.8 23.4 Brak 

25.5 25.1 24.7 24.3 24.0 
26.5 26.1 25.7 25.3 25.0 
1.27.5 1 agfigae I 26.8 Tt 26.4 1 2650 
28.6 28.2 270) 2735 27k 
20.17) 29.3 29.0 28.6 28.2 
31.0 30.6 30n2 29.8 29.4 
32.3 31.8 31.4 31.0 30.6 
1233-0 LESave2 Ue SP hos} 1 32-4 | 1 32-0 
35-0 34.6 34-2 33.8 33-4 
30.5 36.0 35.6 Bonz 34.8 
38.1 37.6 Vice 36.8 36.3 
39-7 39-2 38.8 38.4 37-9 
I 41.4 I 40.9 I 40.5 ba Loe 4 I 39.6 
43.2 42.7 42.3 41.9 41.4 
45.1 44.6 44.2 43-7 43-3 
47-2 46.7 46.3 45.8 45.3 
49-3 48.8 48.4 47-9 | 47-4 
ie Heals 16 GC) I 50.6 I 50.1 | aa Ke ao) 


| 
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CORRECTION TO AZIMUTHS OF POLARIS FOR EACH MONTH. 
(From U.S. Land Survey Manual,) 


Latitude. 
|For middle of— 
as°. 40°. 55°. 

January ....| — 0.3 | — 0.4] —0.5 
\February...| — 0.3] —0.3|—0.4 
AMAT ehietecisie = Onto sO nent 10-2 
EN OY eka Oe 0.0 0.0 0.0 
Wy Soa ood +0.2/+0.2|}+0.2 
{ileobacases +o0.2}+0.3/+0.4 
ne ees 


For middle of. 


September. . 
October... 
November. 

December... 


Latitude. 


ee 


©) 010,070) CF 


AnvOHN 


OnPrHD 


| 
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LOCAL MEAN TIME OF UPPER CULMINATION OF POLARIS. 


Computed for Longitude 6 hours or go° W. of Greenwich. 
(From U.S. Land Survey Manual.) 


: Date. 1900 1901. 1902. 


h, om: 

Jan. 1 6 36.3 
15 5 41.0 
Heber 4 33.9 
15 3 38.6 

Mar. I 2 43-4 
15 I 48.2 

Apt.» 1°)" 045.3 
15 | 23 42.4 

May I | 22 39.5 
15 | 21 44.6 

June 1 | 20 38.0 
15 | 19 43.2 

| July 1 | 18 405 
15) at 7145-7 

| Aug. I | 16 39.1 
15 | 15 44-3 

Septes led 657.0 
15 | 13 42.7 

Oct. (is |))1239.9 
| 15 | II 44.9 
ENO s | eLOUs sar 
| 15 | 9 42.9 
Diecut 8 39.9 
15 7 44-7 
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ca 
co 

aS 
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fo.) 


17 46.8 
16 40.2 
15 45.4 
14 38.7 
13 43.8 
I2 41.0 
Ir 46.0 
10 39.2 
9 44.0 
8 41.0 
7 45.8 
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Table LXI was computed with the mean place (declina- 
tion) of Polaris for each year. A closer result will be had by 
applying to the tabular results the correction from Table 
LXII, which depends upon the difference of the mean and 
the apparent declinations of the star.’ 


(PARE CVE 


REDUCTION OF TIMES IN TABLE LXIII TO INTERMEDIATE 
DATES. : 
(From U. S. Land Survey Manual.) 


Subtract the reduction when computing from a preceding, or add it when 
working from a following, date. 


Reduction. Arg.—‘' Difference for 1 Day.” : 
Day of NO.h 
the Month. ays 
m. m. m. m. m. elapsed. 
3-91. 3-92. 3+93- 3-94. 3+95+ 
m. m, m, m. m. 
2 or 16 el0) 3.9 3.9 3.9 3-9 I 
3 0r 17 7.8 7.8 7-9 7-9 7.9 2 
4 or 18 Te 11.8 Ein8 11.8 1r.8 3 
. 5 or 19 15.6 15.7 1S 697) 15.8 15.8 4 
6 or 20 19.5 19.6 19.6 TOe 7, 19.7 5 
Go) (Oe Pi 23.5 Oye Ey 23.6 23.6 2357 6 
8 or 22 Baste, Pg he P4afo's 27.6 27.6 7 
g or 23 Bla 31.4 31.4 31.5 31.6 8 
IO or 24 35.2 35-3 35-4 35-5 35-5 9 
TI or 25 39.1 39-2 39-3 39.4 39-5 10 
12 or 26 43.0 43.1 43.2 43.3 43-4 II 
13 Or 27 47.0 47-0 47.2 47-3 47-4 12 
‘14 or 28 50.8 51.0 Sil aie 51.2 pene 23 
2 54-7 54-9 55-0 55-2 55-3 I4 
30 58.6 58.8 58.9 59.1 59.2 15 
31 62.6 62.7 62.9 63.0 63.2 16 


PRIMARY AZIMUTAS., 


313. Primary Azimuths.— 


feo 


EXAMPLE OF RECORD OF AZIMUTH OBSERVATION AT ANY 
POSITION OF STAR. 


(Station; West base, near Little Rock, Ark, Fauth 8’’, theod. No. 300. December 27, 1888. 


a div. mick, = 9%, 


iediv. evel = 3%) 


r 
Level. Micrometer. 
Time 
bject. - 
Chics: P.M. | West| East A B oe ume: 
end, | end. ‘i ; 
Telescope direct. 
Ra, SV Dta| Dre. |. ooh? © Dig: ” Div. EA id 
Polaris .......|1z 00 18] 13.9 | 47-1 | 346 00 14.8] 165 58 25.1] 345 59 39-9 
50.5 10.2 ° UG aw” 
II5 32 30.0 
64.4 | 57-3 
7.1 : 
EG DASE (MATIC) Si weiss clare eilfesiereeivntiie. cota ror 32 18.1] 281 31 21.8] ror 32 09. 
E. base (mark).|........ Sse tee ead IOT 32 19.8] 28x 31 19.7| 101 32 og. 6 
POATISE SGA ss! II og 201 50-4 | 10.3 | 345 58 22.0] 165 57 Of.4| 345 57 53- EXD 34 10.5 
13-8 | 46.5 
64.2 | 56.8 
+ 7-4 
Telescope reverse, 
POlATISet sos es 5 II 17 14| 50.5 | 10.1 | 21x 28 29.0] 31 27 23.4| 211 28 22. 
129 | 46.6 
63.4 | 56.7 115 35 53.8 
Biebase (Mark). |v <a von ef ovicc ae al 327 05 06.7] 147 03 09-5| 327 04 16. 
I. base (mark). |...ss.0. Juseebes e342) 327 04) 26.31) 147 6300.6), 327 03° 56. a 08.8 
Polaris. << - 11 26 22| 14.3 | 46.3 | 211 27 10.7| 31£ 26.07.4| 211 26 48. 537803 


SUMMARY OF RESULTS. 


(Station: West base, Arkansas. December 27, 1888.) 


ere 


: Combined ws Combined 
Individual Results. Results’ Individual Results. Results: 
° / tA at ° , ur ° 4 at Mt ° / aw 
{ 294 10 34-21 } f 294 10 42-41, oop ,|} 
36.35 35°75P | | awd eRe 
t 38.80 a 38.75 
Ot R,| | 26-41 2, 6oR 
42.35 33200 
First | = J Second 40.8) 
Sats ) SEs ana 
| 9¢4r.10R \ | a os R. | 
| ; 39-38 | 4.10 
: 40.3 
is} 27-65D wef 32:54) 
GRAD MEAN aes sie = teller ails 294 10 39.26 
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314. Reduction of Azimuth Observations.—The time of 
observation of a star is first to be corrected for the difference 
in longitude, assuming that standard time has been used, and 
for the error of the watch. It is then reduced from mean to 
sidereal time. From the sidereal time of observation is to be 
subtracted the right ascension of Polaris, if that star is used, 
which is given in the Nautical Almanac, the result being the 
hour-angle or the sidereal time which has elapsed since it 
passed the meridian of the place of observation, given in 
hours, minutes, and seconds. This result is to be converted 
into degrees, minutes, and seconds. Then 


asin ¢ 


eae OY ve ors nae ee 


tan A.) — 


where a = sec ¢ cot 6; 


__ tan P. 


Ne ae 


A = angle between true north and the star. 


The angle between the star and the mark is to be corrected 
for level as follows: 


a 
level corr. = — s| (ew +w')—(e+ é) | tan %. (141) 


where d = value of a division of the level; 
w-+ w’ = readings of west end of level-bubble; 
e -+ e’ = readings of east end of level-bubble; 


A = the angular elevation of pole-star. 
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EXAMPLE OF REDUCTION. 


(Station : West base ; December 27, 1888. Observer, S. S. G.) 
Latitude = 34° 45’ 26.8. Longitude 92° 13” 31.5. 


AM exOiOUSeEVAtON = 7 wyimcrseiatecee enn Sees = 11" 90™ 785 
Correction; ninetieth meridian time to 92°.215. =— 8 54 
Watch slow; ninetieth meridian time.......... + 02 
Wawa ler ari Ul iy Oe fv ars eeeaest afice loan tine ge ee sscrene..6 = iO Re FG 
Correction mean'to sidereal time. ..es- 000, .. 6 se +1 47 
Rightrascension mean sumu......:.. Sofie NS} 15) -S Ye) 
Dideredimtimerol OlSeL vabloniec «mee nd aneseeeien = 29 19 49 
REAP. POLATIS eR aa Moca ones Gara ee Se ene cee — 1 18 25 
Lely EEN aIeg (On Pee reg he Uo ones oncogene mores = 2801 24 
¢(time) = 4 or™ 245 
7 (ALC) == GOr2 Te Cor 
in ¢ tan @ 
tg eee aY, _tan @ 
an eee where a = sec @cot 6, & ad 
P= 347 45" 26”.8 log sec = 0.0853539 log tan = 9.8413076 
O = 88 43 I1.9 log cot = 8.3491690 log tan = 1.6508310 
log a = 8.4345229 log 6 = 8.1904766 
log sint ¢ 60° 21'00” =9 9390515 log cos ¢ = 9.6943423 
log a sin? = 8.3735744 log — .0076704 = 7.8848189 
log (1 — 6 cos t) = 9.9966559 + I.0000000 
log tan 4 178° 38' 08.0 = 8.3769185 0.9923296 =1—dcost 
angle tomark-+115 32 30. 0 5 
Level corr. —3. 8 =— rik =P wa) —(2=- 2). tan 2 
ee BT Div. ; 
Az, of mark =294 10 34 .2 = Tay x at $004) == 38 


315. Azimuth at Elongation.—When observations for 
azimuth are to be made at elongation, it is necessary to know 
the mean time of elongation. This is computed by obtaining 
the hour-angle at elongation from the following equation : 


COG wet FAM ACOt sO reesgats ||" y. he abt) 


The hour-angle plus the right ascension of the star gives 


rae AZIMUTH. 


the sidereal time of its western elongation, which, reduced to 
mean time, gives the local mean time in question. 
The azimuth of a pole-star at elongation is determined by 


the use of the equation 


sin A =sec ¢cos 6. . te eee (143) 


EXAMPLE OF COMPUTATION OF THE AZIMUTH AT ELONGA- 
TION, AND THE LOCAL MEAN TIMES OF BOTH ELONGATIONS 
ORSE OMARIS: 


(Latitude = @ = 40°. Meridian of Washington. November 28, 1891.) 


Sine, Azimuth at elongation = sec. @cos 6. 


log sec 40° == 011257100 
log cos 6 88° 44’ 05.5 = 8.3439803 
log sine 4 i 0) GR EI = 8.4597263 
cos hour-angle at elongation, ¢,, = tan @cotd 
log tan 40° = 9.9238135 
log cot 6 88° 44/ 05/7.5 = 8.3440862 
log cos ¢, Se GO m6 8 = 8.2678997 


te = 55 55™ 45°.2. 
Sidereal time western elongation, 7; = R. A. Polaris + ¢,. 


IRS UA, Talents coca nbobooboscscoces == 5 ihe io) 
Go ® BS. ous. 


Sidereal time western elongation, 7s = 7 15 20.4 
R&EPAS MeAaANPSUMy Ose == loo eset «els = 16 29 14.4 
Sidereal interval before noon, /..... = OM 13 ae54.0 
Correction sidereal to mean interval = —r1 30.7 
Mean interval before noon........ O 12 23.3 Nov. 28. 
Local mean time, western elongation = 2 47 36.7 a.M., Nov. 28. 


Sidereal time E. elongation = 24°+ a —¢,= Ig" 23™ 50.08 
Zs eOMmoOmel 4S 


Sidereal interval after noon, /..... ope ti ES 
Correction sidereal to mean interval.... = —o 28.6 
Local mean time eastern elongation..... = 2 54 07.0 p.M., Nov. 28. 
Local mean time western elongation.... = 2 47 367 A.M., Nov. 28. 


For longitudes west of Washington decrease times of elongation 0°.66 


for each degree. 


GHARTER XXXIV, 
LATITUDE. 


316. Methods of Determining Latitude—r1. The most 
precise method known for determination of a terrestrial lati- 
tude is by measuring small differences of zenith distances of two 
stars with zenith telescope. (Art. 319.) 

2. The simplest method is by measuring the meridian 
senith distance or altitude of a known star, though the result 
is relatively approximate only. It is only essential to follow 
a star near meridian until its altitude is greatest. The for- 
mula is 


eS ee 
and 
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sign of s depending on whether the star is north or south of 
the zenith. 

3. If the tzme be known, latitude may be determined bya 
single measured altitude of the sun or a star. (Art. 318.) This 
method gives fairly approximate results when time is known 
by a chronometer or watch to within two or three seconds, 
and is very useful in exploratory work. 


4. Time being known, latitude may be simply and quite 
723 
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accurately determined by measuring circummeridian altitudes 
of Polaris; this consists in applying the third method to 
Polaris. Then 


g=h—pcoost+#sp'sini”.sin’¢.tanhk, . (145) 


in which g = polar distance of Polaris or complement of 6 in 
seconds, which is about 5400". Tables for finding p and 
47° sin 1’ are given in the American Ephemeris. The best 
time of observation is when the star is at one of the culmina- 
tions. This method is especially adapted to the instruments 
available to the topographer, namely, a good theodolite or 
engineer's transit and a good timepiece. 

5. Approximate latitude may be determined from an o0d- 
servation on the sun at noon. (Art. 317.) This is a very useful 
method for the explorer or land surveyor. 

317. Approximate Solar Latitude.—The following is a 
method of obtaining the approximate latitude from an obser-’ 
vation on the sun at noon: 

Measure two altitudes, one of the upper and the other of 
the lower limb of the sun, commencing before noon and watch- 
ing until the sun has reached its highest altitude. In order to 
eliminate errors of collimation, these two observations should 
be made on each limb with the telescope direct and inverted. 


ety = retraction: 
hk = altitude of sun’s center; 
@ = latitude; 
6 = sun’s declination at time of observation, 


The declination is taken from the Nautical Almanac for 
the date of observation, and increased or diminished by the 
hourly difference multiplied by the longitude from the locus 
of the almanac, expressed in hours. Then 


P= OO Aha 20) eee en a Ton 
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EXAMPLE, 

April 16, 1898. Approximate longitude 136° 20’, measured from map, 
Vertical circle reads, when pointing at sun’s upper limb......... 36° 55’ 
Vertical circle reads, when pointing at sun’s lower limb........, 36 23 

ViGaimevemtecie stele alam uke aio ktetats his calc eieretate seme wee See ak oe a kare 30° *30/ 

Meany GOnrectro mh dO ig dnd CXC LOL the eeiticic eieleicie, + vleice sslecicleisras + «fats « _ ni 

Apaven e ALLTCUCE te sets ty eieiataalere ‘sien e's ©) vie isicle esas ciel eiatres tee Bow sos 
Refraction, always negative, enter table with arguments appar- 

SINT MEME SIEY gals 9 Sow od ota Sn 6 LOU DC OD On 10 SOOT OS OOO are - 1’ 

AltHiUGe (Oh SumESiGemberer teein es ils ee 41-12 ae BET 0 Wve ge ais neo Ons y7/, 

Sun's declination, April r6—Greenwich noon; from almanac.... — 10° 14’ 


Hourly change from almanac = 53”, multiply by longitude and 
divide by 15: 


OGL ae ey _ ' 

e EEE Siusetenesoisfsustebe eustetely tere = 8 

Menu erat Colestialy CU UctGrtererel avec or stele si seeitele ee elela isi cie are 26° 15) 
Sulbirace nro mypQo eel VieSHalivUde. accctacris a cdels cine sissies 63545" 


A result to be relied upon within 1’ or 2’, supposing the vertical circle and 
collimation correct to within the same amount. 


318. Latitude from an Observed Altitude.—Latitude 
may be determined at sea or on an exploratory survey by 
measuring the altitude of a star or of the sun with a sextant, 
theodolite, or altazimuth. For this operation the time must 
be known, though the object observed may be in any position. 
The formula applicable is 


Pane —talo S60'7,0% bai Poors rar) 
cos(@— D)=sinksinDcosecd, . . . (148) 


in which 6 = declination of star; 
¢ = hour angle of star; 

D = auxiliary angle taken to simplify computation— 
it should be less than g0° and +- or — accord- 
ing to algebraic sign of the tangent ; 

h = altitude resulting from measurement after apply- 
ing all corrections. 
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Although ¢ — D may be positive or negative, the latitude 
of the place ¢ is generally known with sufficient accuracy to 
decide this. 

The altitude % must be corrected for instrumental errors 
_ (Arts. 323 and 324), refraction (Arts. 322 and 325), and, in 
the case of the sun, for parallax and semi-diameter (Art. 301). 

319. Astronomic Transit and Zenith Telescope.—F or 
the determinations of time and latitude separate transit instru- 
ments and zenith telescopes are sometimes employed. The 
astronomic transit is designed primarily for the determination 
of time when the telescope is in the plane of the meridian. 
Its essential parts are a telescope, an axis of revolution at right 
angles to the telescope, the supports for both, and a striding- 
level for the determination of the inclination of the axis. A 
zenith telescope is a somewhat differently constructed instru- 
ment provided with a large vertical circle and delicate ievel, 
and with a horizontal circle which turns with the upper part 
of the instrument much as does a theodolite. 

The most compact and useful instrument for determination 
of both latitude and time is a combination transit and zenith. 
telescope, such as is used by the U. S. Geological Survey (Fig. 
181). This embodies the latest improvements in both instru- 
ments. It consists of a circular base resting upon three level- 
ing screws, and upon this base the whole instrument may re- 
volve when in use as a zenith telescope. About the base isa 
large graduated circle, provided with micrometer screw for 
slow motion to be used in setting the instrument and in ad- 
justing it in azimuth. The telescope of the above instrument 
has a focal distance of 27 inches, a clear aperture of 2.5 inches, 
and its magnifying power with diagonal eyepiece is 74 diam- 
eters. For use as a zenith telescope there is attached a verti- 
cal circle reading by vernier to 20’, to which is fastened a 
delicate level. In the focus of the object-glass is a thread 
movable by means of a micrometer screw for the measurement 
of differences of zenith distances. 
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For use as a transit the telescope is provided with a del- 
icate striding-level for measurement of inclination of the axis, 
and a reversing apparatus for turning the telescope in the 
wyes. The stationary reticule in the focus of the instrument 
consists of five threads for observing as many transits of the 
star. The reticule is illuminated by lamps, the light of which 
enters the hollow axis of the telescope and is reflected by 
a mirror into the eye. 

320. Latitude by Differences of Zenith Distances of 
Two Stars.—The zenith distance of a star on the meridian 
is the difference between the latitude of the station of ob- 
servation and the declination of the star; therefore the meas- 
urement of the meridional zenith distance of a known star 
furnishes a determination of the latitude. The most accurate 
method of determining the latitude of a place, and that gener- 
ally employed in geodetic operations, is that known as the 
Horrebow-Talcott method. In this, instead of the measure- 
ment of the absolute zenith distance of the star, the saa// 
difference of senith dtstances of two stars culminating at 
about the same time on opposite sides of the zenith is meas- 
ured. Then 


=@g—o6 and 


& 
| 


zg’ = 0’ — g, hence 


p 


HO+6)+4E— 2’). + 2 3) (140) 


This method therefore requires that the difference (¢— 2’) 
be measured. The stars must be so chosen that (¢— 2’) may 
be measured by means of the micrometer in the telescope. A 
measurement of the latitude within 5’’ is possible by this 
method with a,theodolite having full vertical circle. If now 
s refer to the northern star, (¢ — ’) in terms of the observed 
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micrometer readings becomes (J/ — J/’)r, in which + is the 
angular value of one turn of the micrometer screw. 


321. Errors and Precision of Latitude Determina- 
tions.—Latitude determinations by zenith telescope or transit- 
zenith telescope are subject to errors of three general kinds: 

1.. External errors; 

2. Instrumental errors; and 

3. Observer’s errors. 

No attempt will be made here to fully discuss these errors, 
as the kind of work which this volume is intended to explain 
is not of such high quality as either to warrant their correc- 
tion or a reduction of the results by least-square methods. 
These are fully explained in the more extended treatises 
already referred to. 

The external errors are those due to abnormal refraction, 
star places, and to defective declinations. The latter have 
probable errors sufficiently large to account for more than half 
of the error in the final result. The errors in the computed 
differential refractions are probably very small. Odserver’s 
errors are those made in bisecting a star and in reading the 
level and micrometer. They are of the kind known as per- 
sonal errors or those due to personal equation. Instrumental 
errors include those due to inclination of the micrometer line 
to the horizontal, to an erroneous level value, to inclination 
of the horizontal axis, to erroneous placing of the azimuth 
stops, to error of collimation, to an erroneous mean value 
of the micrometer screw, and to instability of relative posi- 
tions of different parts of the instrument. The errors. of the 
first and second sources are small, but must be carefully 
guarded against. In the first instance the observer should 
study to make the bisection in the middle of the field. If 
the error from using an erroneous level is small, the level 
corrections will be small. 

In planning a series of observations the observer must de- 
termine the quality of the result desired which will fix for 
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him as to how many observations shall be made and how 
many separate pairs observed. Increasing either of these 
increases the cost of field- and office-work. The ratio of 
observation to pairs should be such as to give a maximum 
accuracy for a given expenditure. Extremes of practice are 
given by Hayford as 210 observations on 30 pairs each ob- 
served on seven nights, and 100 observations on 100 pairs each 
observed but once. The first is the practice of the U. S. Coast 
and Geodetic Survey. The practice of the U. S. Geological 
Survey is 100 observations on 20 pairs on each of five nights. 

322. Field-work of Observing Latitude.—The follow- 
ing description and example of the field-work of observing 
latitude is taken chiefly from Gannett’s ‘‘ Manual of the Top- 
ographic Methods of the U. S. Geological Survey.” Before 
commencing the field-work a “st of pairs of stars must be 
prepared, each pair of which shall have such zenith distances 
that they will culminate at nearly equal distance, one north 
and the other south of the zenith. Lists of such stars are 
published in the British Association Catalogue, various Green- 
wich catalogues, Safford’s Catalogue of the Wheeler Survey, 
and in various miscellaneous publications giving star lists pre- 
pared for special surveys. To prepare such a star list it is 
necessary to know approximately the latitude of the station 
and the right ascensions and declinations of the stars. When 
the declination of a star is known, the zenith distance is ob- 
tained by subtracting the latitude of the place from its declina- 
tion. The stars selected are such as culminate within a few 
minutes of one another and should be observed consecutively. 
In selecting them by pairs, therefore, only sufficient interval 
of time should be left between pairs to allow of the setting 
of the instrument. : 

At the beginning of the observation the zzstrument should 
be placed zz the dine of the meridian and carefully collimated. 
At the approach to the meridian of the first star of the pair, 
the instrument should be set for it by the vertical circle, the 
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spirit-level upon that circle being made as nearly level as pos- 
sible. As the star traverses the field of the telescope, the 
movable thread in the reticule is kept upon it by means of a 
micrometer screw until it crosses the middle vertical thread, 
then the micrometer and the divisions of the level-bubble are 
read. Immediately, without disturbing the setting of the 
telescope, the entire zzstrument 1s revolved through 180° on 
its horizontal axis, when it will point to the other side of the 
zenith at the same angle as before and will then be set for the 
opposite star. As this approaches culmination the same opera- 
tion is performed as before, reading the micrometer and the 
level again. 

For the determination of a latitude at least 20 such pairs 
of stars should be observed each evening, and the same pairs, 
if possible, should be observed upon several other evenings. 
The following example is taken from the observations at 
Rapid, South Dakota. 


EXAMPLE.—LIST OF STARS, FOR OBSERVATION WITH 
ZENUPE GELESCOPE: : 


(Station: Rapid, South Dakota. Approximate Latitude: 44° 05’.) 
(From Gannett’s Manual.) 


Name-or 

pees Mag. | Class. R.A. Dec. Zen. Dist. Setting. 

Catalogue. 

bstads | h. mM. Pret od ees ae. 

mibacerte. il 4cO" || A A. 22°27 49 43 5 38 N t 5 37 N 
10. Lacerte..|| 5.07) AUA 22 34 38 29 5 30 S 
TEGO a cera = 6.5 Jel) aera 45 37 no2 N PRESS 
Fa eR a 6.5 A | 22-47 42 42 I 23 S ips Te N 
TS Stns orton 6.5 (© 22 52 38 42 | hele) t rh 
MSO Ltda -ereks 5.0 A 22e5Ouers pe4o"26 ee TNE 5 
TOOO MG Siero 6.0 A 23 08 56 34 12 29 N. tie 19 N 
HT O38, <1cges il eye 6.7 B 23 18 31 50 12 0g S. 
roof ath 526+). Avo} i23042 6712 | 2307 N. | 4, os NL | 
TOSOmme an ere Ons A 23 47 21 03 Co Sa | 
if 
2708 eaiwibir & 5c] 23 52 24 32 | 19 33 S. 19 31S. 
HGpaPASS 8 pci 6.5 B 24 00 63 35 19 30 N. | 
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EXAMPLE.—RECORD OF OBSERVATION. 


(Station: Rapid, South Dakota, Date: November g, 1890. Instrument . Fauth combined 
transit and zenith telescope No. 534. Observer. S.S,G. Recorder: A. 15108) 
(From Gannett’s Manual.) 


i Level. | 
Microm- 
, (N + S) 
“Number. |S. Reudiag te MIO: N. Sul dea NG SO ee eS 
Rev. Rev, Drv, Div. Div. 
7 Lacertz...| N. | 26.256 39-9 10.7 + 56.6 
LOMLACE TI. [1S 24.052 | — 2.204] 206.5 49-7 — 76.2 
' SHOW 
GOVE dreads Goo N. | 30.432 42.0 18.7 + 60.7 
MSiiteun oO ee Sa 2Os O05 n= LOS 375 21.9 45-0 — 66.9 
— Oa 
| Miiolgenacouan S. | 25.164 14.1 37.6 — 51-7 |Faint. 
[BREA eters ING || xen FOR | SE CSI) |) Bai! 15.0 + 53-1 |Distinct. 
| mrad 
LOOOM Me tt ING 32 ners 3715, 14.1 +51.6 
POGOe panes « S. | 16.033 | — 16.181 19.9 43.1 — 63.0 |Faint. 
—I1-4 
NEN Loneaoe 6 N. | 26.556 51.0 28.0 +79.0 
OS Onieter. (ehelere S. | 17.684 | — 8.972 17.0 39.6 — 56.6 
— 22.4 
170s dosage!) Se || WGnezis 18.0 40.9 — 58.9 
U2 8 oe sctve ois INGEN 230722) |0-j0 2k 0230) 30.0 13.2 + 49-2 
ae Oil, | 


323. Determination of Level and Micrometer Constants. 
—Before proceeding with the reduction of latitude observa- 
tions, it is necessary to investigate the constants of the in- 
strument, to ascertain the value of a division of the latitude 
level, and of a division of the head of the micrometer screw. 

The value of a division of the head of the mzcrometer screw 
is measured by observing the transits of some close circum- 
‘polar star, when near elongation, across the movable thread; 
setting the thread repeatedly at regular intervals in advance 
of the star, and taking the time of its passage, with the read- 
ing of the micrometer. The precaution should be taken to 
read the latitude level occasionally and correct for it if neces- 
sary. This correction, which is to be applied to the observed 
time, is equal to one division of the level, in seconds of time, 
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divided by the cosine of the declination of the star and mul- 
tiplied by the level error, the average level reading being 
taken as the standard. 

The time from elongation of the star requires a correction 
in order to reduce the curve in which the star apparently 
travels to a vertical line. The hour-angle of the star is first 
obtained from the equation 


COS: dien= COLO. tan, Piao oo IE) 


6 being the star's declination, and ¢ the latitude. 
The chronometer time of elongation, 
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in which @ is the right ascension of the star obtained from the 
American Ephemeris, and ¢¢ the error of the chronometer. 

Having thus obtained the chronometric time of elongation, 
the correction in question is obtained from the observed inter- 
val of time of each observation before or after elongation, 
from-tables in Appendix No. 14, U. S. Coast and Geodetic 
Survey Report for 1880, pp. 58 and 59, and in part in the 
following articles (Tables LXVII to LXX). A discussion of 
this subject will be found in the appendix above referred to, 
in Hayford’s Geodesy, pp. 174 to 181, and in Chauvenet’s 
Astronomy, vol. Il. pp. 360 to 364. 

The temes of observation thus corrected for level and 
distance from elongation, are then grouped in pairs, selected 
as being a certain number of revolutions of the micrometer 
apart, and the time intervals between the members of each 
pair obtained. The mean ot these, divided by the sum of 
revolutions which separate the members ot each pair, is yet to 
be corrected for differential refraction, which is derived from 
the following equation: 
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ry being the value of a division of the micrometer, and Z the 
zenith distance of the star. Four-place logarithms (Tables V 
and VI) are sufficient for computing this correction, as it is 
small. On the preceding page is given an example of record 
and computation of the value of a revolution of the micrometer 
of combined instrument No. 534 of the Geological Survey. 

If d be the value of one division of the latitude level, and 
n and s the north and south readings; then if the numbering 
of the level-tube graduation increases each way from the 
middle, the inclination of the vertical axis 7 is 


i=“ +) 6 +59) . og TER ATS3) 


_ The value of a division of the level is commonly measured 
with a level-trier. The latitude level may, however, be easily 
measured by means of the micrometer, the value of a revolu- 
tion of that being obtained by the following method: 

Point the telescope upon some well-defined terrestria. 
mark and set the level at an extreme reading near one end of 
the tube. Set the movable thread upon the object and read 
the micrometer and the level. Now move the telescope and 
level until the bubble is near the other end of the tube. 
Again set the movable thread upon the object and again read 
both micrometer and level. It is evident that the micrometer 
and the level have measured the same angle, and that the ratio 
between these readings equals that between a revolution of the 
micrometer and a level division. (See Example next page.) 

Secondly, when the star is observed off the line of collima- 
tion, the instrument remaining in the plane of the meridian, 
then 

2 sin’ 4t 2 sin’ 4r 


m = ——— sind cos dé, or m= ——,.}4sin206 I 
sin 1” ; sin 1” a » (154) 


and the correction to the latitude is half of this quantity, 
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EXAMPLE.—DETERMINATION OF VALUE OF ONE DIVISION OF 
LATITUDE LEVEL No. 584. 


(By comparison with micrometer screw 534.) 


(From Gannett’s Manual.) 


© 
Level. Difference. 
Micrometer. |- 
N. S3 Microm. Level. 
ae d. a. 3 a. 
8.025 47.3 29.2 d. d, 
8.508 207, O2n7 48.3 260.55 704.9 1283 
8.509 18.9 O1.oO 
7-984 | 49-8 | 31.0 52.5 30.45 | 927.2 1599 
ing i) (beset 00.6 
8.045 aie 2g.1 46.6 28.60 818.0 1333 
9.076 18.7 00.8 
8.604 | 46.0 28.0 47.2 27.25 742.6 1286 | 
9-442 23.07) 06.0 
g.009 48.0 30.0 A303 24.15 583.2 1046 
10.055 21.8 04.0 
9-574 48.0 30.1 48.1 26.15 683.8 1258 
10.661 24.0 06.1 
1OnzEs 50.7 33-0 44-9 26.80 718.2 1203 
Me saighl Fiotog) OO-rs | 
11.252 48.3 31.9 51.9 30.60 936.4 1588 
12.328 20.0 02.3 
L.c72 46.1 28.5 45.6 26.15 683.8 1192 
12.869 Pree 04.6 
12.438 47-7 30.0 43.1 25-45 647.7 1097 
13-468 23.0 05.3 
13.080 44-5 26.9 38.8 21.55 464.4 836 
14.146 20.1 02.4 
13.702 45.4 27.8 44-4 25035 642.6 1125 
14.758 2253 04.8 
14.282 48.6 QWo® 47.6 26.25 689.1 1249 
Sinisa betes ehailiecetersl siete tiineas. roel coll are te tereners 9241.9 16095 
J 
ieee God boncoc OcnnH OOS OOUAON MACOS Sk OKo oF 16095. = 4.20669 
EY oie Moyer Sed Obi UO GOabOUs Goo Dd COE OO OADR GO Edt os 9241.9 = 6.03424 
lOSeER div. MICLOMEtE Rast ocleletatiele cetera cele ater seri at ie = 9.87966 


TAAL Viel vncs ctg trefoil delefelsrecaieremenniene = 1.320 log = 0.12059 
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whether the star be north or south; and if the two stars form- 
ing a pair are observed off the line of collimation, two such 
corrections, separately computed, must be added to the lati- 
tude. If the stars should be south of the equator, the essen- 
tial sign of the correction is negative. The value of mm for 
every 5° of declination is given in the following table: 


AUN Gs, IE ROW 
VALUES OF 7% FOR EVERY 5° 6. 


IOS, 15s. 208. 255. gos. 355. 40S. 455. 50s. 55s. 60s, 


Reduction of Observations on Close Circumpolar Stars, 
Made in Determining the Value of a Revolution of the Microm- 
eter.—Let ¢ = difference of time of observation and elonga- 
tion of the star expressed in seconds, and 2” = number of 
seconds of arc in the direction of the vertical from elonga- 


tion, then 
ae eas 0: sin ¢ 
Sint tse 
for which we can write 
e = 15 COsolé— (is sind ye}. . . (155) 


It is convenient to apply the term }(15 sin 1”)’¢* to the 
observed time of noting either elongation, additive to the 
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observed time before, and subtractive after. The following 
table gives the value of 4(15 sin 1’’)*2*, also of the additional 
term — ;4,(15 sin 1”)'¢* when sensible, for every minute of 
time from elongation to 65™. 


TABLE LXV. 


REDUCTION OF OBSERVATIONS ON CLOSE CIRCUMPOLAR 
STARS: 


(From Appendix 14, U.S. Coast and Geodetic Survey Report for 1880.) 


t¢ |Term. t Term, zt Term. zt Term. t Term. t eS, 
Me Ss. | Wa, S. WZ. | J. Ww, Ss. | WwW, OF PiTA St 

6.1 6.0 || x6} 10.8 26 | 3.3 || 36]. 8-9 |} 46] 18-5 || 56 | 33-3 
i || @oH 17 eos 2 B87) 37.| 9-6 47 | AOa7 ese Neon 
Sha Onn! 18 I.I || 28 flee 38)|| 10.4! 48 | 21.0 58 | 37.0 
OnOnk 19 es 2 4.6 Byon tigre) Ag) || 2203 59 | 39.0 
LON) (O42) )||) 20 1.5 30 Et Mh eg On R22 BO Woe 60 | 41.0 
Tie One) | S20 1.8 38 evil mae || ketal Et a) beatae) On Wea eb 
TL Onsiaiit wee 2.0 32 6.2 AQ) Y4 uk Qe NEO Okan 62 | 45.2 
ABy | O42 |0 C29 B2x 3) 983 hy Ons 43 | 15.1 53 | 28.3 || 63 | 47.4 
14) 0.5 || 24 | 2.6 34 | 7:5 44 | 16.2 54 | 29.9-|| 64 | 49.7 
15 | 0.6 || 25 320°} 35 ha 452 D733 55 306 65 mee 


324. Corrections to Observations for Latitude by 
Talcott’s Method.—Correction for Differential Refraction. 
—The difference of refraction for any pair of stars is so 
small that we can neglect the variation in the state of the 
atmosphere at the time of the observation from that mean 
state supposed in the refraction tables. The refraction 
being nearly proportional to the tangent of the zenith dis- 
tance, the difference of refraction for the two stars will be 
given by 


KR R= 577 sin —4')secta; . . (156) 


and since the difference of zenith distances is measured by 
the micrometer, the following table of correction to the lati- 


y 


is 
» 
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tude for differential refraction has been prepared for the argu- 
ment $ difference of zenith distance, or 4 difference of microm- 
eter reading, on the side, and the argument ‘‘ zenith distance ”’ 
on the top. The sign of the correction is the same as that of 
the micrometer difference. 


BU Aap eel VL: 


CORRECTION FOR DIFFERENTIAL REFRACTION. 


(From Appendix 14, U. S. Coast and Geodetic Survey Report for 1880.) 


Zenith Distance. 
3 Diff. in 


Zenith 
Distance. | °° 16? Bae 25° 30° 35° 
| | pee ua Loy 

4 i | MA " a” ” 
fo) (ele) (ele) (ele) .00 (ele) (ele) 
oO. OI Or or .O1 Ol OI 
I 02 02 02 .02 02 02 
1 02 03 03 -03 03 03 
2 03 03 O4 -O4 O4 05 
Des 04 O04 05 .05 05 06 
3 .05 05 06 .06 07 08 
By OO) a0 O7 sO7 08 (oJe) 
4 sO; |) Sey 08 .08 09 10 
4. .08 | .08 0g . 09 10 II 
5 08 og 10 -10 Il 13 
Bie og 10 LO) NW) 501 I2 14 
6 sme) Io II >12 pac} 15 
6. II II Doral. 13 14 16 
7 12 12 EGY dean Ld. 15 18 
is 13 13 .14 28 G4 16 19 
8 13 I4 1a | Sp 6) 18 21 
8. 14 15 16 Ly, 19 22 
9 15° | 16 17 aes} 20 23 
Q- 16 17 18 +20 21 24 
17 18 A) 220 Ba 26 

18 19 20 n22 24 27 

18 19 21 B23 25 28 

19 20 22 .24 26 30 

XO liner a. 7 23 +25 2 31 


Reduction to the Meridian.—First, when the line of colli- 
mation of the telescope is off the meridian, the instrument 
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having been revolved in azimuth and the star observed at the 
hour-angle 7, near the middle thread, then 


2 sin? zr cos @ cos 6 


m= — ‘ ee ee CRS a 


sin 1” <inae 


and the correction to the latitude, if the two stars are ob- 
served off the meridian, is 


Coriid-=3(a— mye Stee Cis) 


2 sin’ 4dr : 

The value of cs for every second of time up to two 
minutes (a star being rarely observed at a greater distance 
than this from the meridian in zenith-telescope observations), 
is given in the following table: 


TABLE LXIX. 
in2 
VALUES oF 2247) 
Sin I 
7 jekerm, T Term 
Se se | nt Ss. ee . 
Te || BC || CHEN Cio ewes ||| Gite || Gore 6r)|.2503) I S243. 58 i) Lor s.56 
2 | 0.00 || 22 | 0.26 || 42 | 0.96 O2 sees eLOr le SS 2.es O67 TOls aceon 
30 eO.00)) e230, 20 ulna Salle ron 63502206) He (830) Sa7O lie TOsmiEs 73 
4 | 0.01 2440-8 E |) A4aie1 OO 64") 2423 24 | 3.85 104 | 5-90 
5 0.0L ZENO. Sa 4 5le L LO OV || Vic eis 85 | 3.94 105 | 6.01 
6 | 0.02 || 26 | 0.37 || 46 | 1.15 66, | 2.38 86 | 4.03 || 106 | 6.13 
POs © 2527 Ona Owl wal fam edaere O: 67-4 245 Si ne zeae) TOW. One 
8 || 0.03 |} 28 | 0.43 || 48 1.26 O8lesas2 88-1 (4.2281) TOBMOnso 
Q | 0.04 || 29 | 0.46 || 4g | 1.31 69 | 2.60 89 | 4.32 || 109 | 6.48 
0.05 || 30 | 0.49 || 50 | 1-36 FON 2075 QO), An4e TIO | 6.60 
O-OOM ESL MOMs 25 | Stel. a2 ple G45 FIs | OLs |. 4.52: alert Del Onan 
O,OSn ese Ons 52a S FEA || Boisks} 92 | 4.62 112 | 6.84 
0.09 || 33 | 0.59 || 53 | 1-53 73 | 2-91 93 | 4-72 || 113 | 6.96 
On1T HiN34e | TOSO3 a 54ers 59 74 | 2.99 94 | 4.82 114 | 7.09 
Ont2, | 35 NOs 7. Il S65 beOs 75 | 3.07 95) lene. tame meron: 
Ontd | 36) 0.75 56 || 1.72 GD. || Skanis GOs] 5203 TiO M7 RSs: 
Oewlor ei) |) obit Nl Biyk |) to aly 77 | 3-23 | Seve yi aauize |) Gocto 
CJarteh Ie SEV KolatsKoy IN dates jf Beate} Oks) || Biase OSnles240|NT Tae 66 
0.20 || 39 | 0.83 || 59 | 1.89 79 | 3-40 99 | 5-34 || 119 | 7.72 
0.22 || 40 | 0.87 || 60 | 1.96 80 | 3.49 || FOO | 5.45 || 120 ‘ied 
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The Determination of Apparent Declinations of Stars Used 
is the next step. Whenever possible these should be taken 
from the American Ephemeris, the Berliner Jahrbuch, or 
other reliable sources. The positions of stars are also given 
in Safford’s Catalogue for the epoch of 1875, together with 
the annual precession and proper motion. The declinations 
given there should be revised by the aid of more recent cat- 
alogues, particularly with reference to stars of the class C. 
The annual precession and proper motion multiplied by the 
number of years which have elapsed, applied with the effect 
of secular variation in precession, give the declination at the 
beginning of the year. To reduce from mean place at the 
beginning of the year to apparent place at any date may, with 
the aid of the Ephemeris, be put in the following form for 
apparent right ascension and declination at a stated time: 


a= a +f+ TH =— psf sin (G+ a,) tan 6, 
+ 3.4 sin (H+ a,) sec 6,....intime; . (159) 


6=0° +7’ +e¢cos(G+a,)+% cos (H +a,) sin 6, 
PAG Ocean ci ATE es Os rks wae, (ee 0" dyy LOO} 


in which a, and 6, = right ascension and declination at be- 
ginning of year; 
z= elapsed portion of fictitious year ex- 


pressed in units of one year as given 
in the Ephemeris ; 


mand yw’ = annual proper motions in right ascen- 
sion and declination ; 


H, G,f, g, #, andi = quantities called zxdependent star num- 
bers and are given in the Ephemeris. 
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EXAMPLE.—COMPUTATION OF APPARENT DECLINATION OF 
STAR 15389 (SAFFORD’S CATALOGUE) 
AT ITS TRANSIT AT RAPID, SOUTH DAKOTA, NOV. Q, 1890. 


(S. S. GannetT, Computer.) 


Oni nd Saag ouel le. com Ot) == Biloy BE = OP aa coh. 
Rapid is west of Washington...........-..... © ORS ed Ss 
Rapid sidereal time of tranSit OF @......-.. sss eee ee eee cteeee 22 4It 
Nieto cs Glaecen inbiSooogacachoucadedaau sobbed Goeonesadcdd 24 265 


Sidereal time of mean midnight, Nov. 9 (Am. Ephemeris, p. 383). 27 17 
Hence sidereal interval before Washington midnight for stated 
Uiimen TSewes sets yates Ghee ples cits sete fuser eye nae Ran Ga widens Ob otc 2 50% 
DMINAN SME do bo coonwA bon no EDO DODD oonEHeoUS OoSdon SUD GOK OuO de. 0.12 day 
The Ephemeris, p. 291, gives the following values Nov. 8, Washington: 
mean midnight: 


T G jel log g log h log z 
.86 346° 43’ 40°45’ + 1.0096 + 1.2938 -1+ 0.7460 
Nov. 9 


86 346 56 39 46 + 1.0103 + 1.2945 + 0.7377 


By interpolating the values at time of observation at Rapid .12 day 
before Washington midnight, Nov. 9g, 1890, in accordance with formula 
(160), the computation of 6 is: 


G H log ¢ log k log z 
346° 55’ 39° 53" 1.0102 1.2944 0.7387 
log g = 1.0102 Oo = 45° 38’ r1'".85 
log cos (G + ao) 327° 18’ = 9.9251 th’ = .86 X — 0.03 = — 0.03 
log ¢ cos (G + ao) = 0.9353 
g cos (G + ao) == {Len = + 8.62 
log 4 = 1.2944 
log cos (HW + ao) 20° 16’ = 9.9722 
log sin 69 = 9.8543 
1.1209 
hk cos (H + ao) sin 5 Sa Ee = + 13.21 
log z 0.7387 
log cos do 9.8446 
0.5833 
$5COS) OL =-53 703 = + 3.83 


Apparent declination = 45° 38’ 37.48 
at time of observation 
Nov. 9g, 1890. 


ea a a 
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325. Reduction of Latitude Observations.—With all this 
preliminary work done, the final reduction of latitude obser- 
vations is a comparatively simple matter. Grouping the 
observations by pairs, the mean declination of cach pair is 
obtained, the corrections for difference of micrometer readings 
and levels are applied, with a small correction for differential 
refraction, and the result is the desired latitude. 

Applying the foregoing corrections to formula (149), we 
have the following working formula for reduction of latitude 
observations : 


a 
$= 4S +9) + (MME + tH) +s) 


y 


70 Wt 


+HR-R)+5—. (169) 


EXAMPLE.—REDUCTION OF LATITUDE OBSERVATIONS. 


(Station : Rapid, South Dakota. November 9, 1890. Half rev. micrometer = 37’’.go00. 
One div. level = 1’’.33.) 


Date. Star Numbers. 6, 


{ 7 Lacert and t 


INOVeOn5 2-115 49 42 87.33 38 


| 10 Lacert. 
1539 1551 45 38 37-48 | 42 
1565 1579 38 43 39.78 | 49 
1600 1633 50) 34 100/60) 3) 63 
1676 1686 C7 1T2I1O 03 4) 21 
17O2 1722 24 32 09.04 63 
Corrections. 

Star Numbers. 

Microm. Level. Refr. 

7 Poe dl — 1 23.53| — 6.51 | —.03| 44 04 45.90] .98 | 5.78 
1539 I551 — 6 31.77] — 2.06] —.I1| 47.12 go 6.41 
1565 1579 — 0 58.33] + 0.46 | —.03| 42-51| -79 1.98 
1600 1633 — 10 13.25| — 3.78| —.19 44.56 go 4.10 
1676 1686 =) 13108) 43" || 875445 =. 07 46.54 93 6.08 
I702 1722 + 1 or.51] — 3.22!) +.02 46.50 go 5.85 

5.40 30.20 


= SS 


Novemper 9. Weighted mean = 44° 04’ 45".59. 


CHAPTER XXXV, 
LONGITUDE. 


326. Determination of Longitude.— Determining the lon- 
gitude of a point on the surface of the earth consists in find- 
ing the angle between the two meridian planes passing 
through the station and areference meridian. In the United 
States, Greenwich, England, is generally accepted as the zero 
of longitude. Time and arc are interchangeable (Art. 304), 
differences in longitude may be expressed in time or angle. 
Thus 24 hours equals 360°, 1 hour equals 15°, 1 minute of time 
equals 15’ and 1 second equals 15”’ of arc (Tables LVI to LIX). 
Therefore the angle between the two meridian planes above 
_ described is the same as the differences of the local times of 
"the two stations. Accordingly, to determine the longitude of 
a station is to determine the differences between the local time 
at Greenwich and the local time of that station (Art. 305), 
generally referred to some nearer station the longitude of 
which is already known. 

327. Astronomic Positions: Cost, Speed, and Accu- 
racy.—Practically the whole expense involved in determining 
the latitude, longitude, and azimuth of a stationis included in 
the telegraphic exchange of signals and time observations for 
longitude, the additional observations required to determine 
latitude and azimuth being made in the meanwhile. 

The U.S. Coast and Geodetic Survey determines longi- 
tudes of prime importance at an average cost of $1500 per 
station. The observations are made by transit instrument for 
time and telegraphic exchange of clock signals on five nights. 

744 
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The observers then change stations and repeat the same obser- 
vation on five additional nights, making a total of ten nights, 
requiring about six weeks of actual time. The probable error 
of a location is + 0.01 second of time, equivalent to from 10 
to 15 feet in distance. 

The U. S. Geological Survey determines longitudes at a 
cost of about $500 per station. The method is by exchange 
of telegraphic signals, as in the Coast Survey, but on four 
nights only, the personal equation being determined on four 
other nights either preceding or following the field season. 
Accordingly, a determination of personal equation by the 
Geological Survey method serves for from three to four longi- 
tude determinations in a season, the average time per station, 
including observations for personal equation, being ten days to 
two weeks. The probable error of such a determination is +.03 
seconds of time, equivalent to from 30 to 45 feet in distance. 

328. Longitude by Chronometers.—When it is imprac- 
ticable to determine longitude by telegraphic exchange of 
signals (Art. 330), the same principle may be employed be- 
tween two intervisible stations, as points on a shore line or 
the summits of mountain peaks, by flashes of light. 

The simpler and more usual way, however, of determining 
longitudes in the absence of the telegraph is by means of 
chronometers or chronometer watches carried from some 
point the longitude of which is known to that at which it is 
to be determined. This performs the same purpose as the 
telegraph by comparing local times at the two stations. 

The mode of determining longitudes with chronometers is 
to observe transits of stars on as many nights as practicable, gen- 
erally from 10 to 50, catching the transit by eye and the chro- 
nometer beat by ear. At the known station there should be 
from 2 to 4 chronometers, part set to sidereal and part to mean 
time, and these should remain stationary and protected from 
changes of temperature. At the new station there should be 
a similar number of stationary instruments. Finally, several 
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chronometers, part set to mean and part set to sidereal time, 
should be carried back and forth between the two stations. 

The method of observing is to compare the moving with the 
stationary chronometers, and these compared with the transit 
observations serve to determine the error of each chronometer. 
The moving chronometer must be handled with the greatest 
possible care, and the results cannot be satisfactory where 
they are carried on wagons, or on the backs of animals. They 
may be carried with fairly satisfactory results in the hand, 
however. Where the mode of travel is rough, chronometer 
watches will give as satisfactory results as can be aisiped by 
attempting to transport large chronometers. 


The object of having chronometers set to both siderealand * 


mean time is similar to that of reading a vernier. The side- 
real chronometer gains gradually on the mean-time chronom- 
eter, and about once in three minutes the two chronometers 
tick exactly together. 

The mode of computing chronometric longitudes consists in 
applying to the time of a mean-time chronometer the correc- 
tion to local mean time, the result being local mean solar time. 
This must then be reduced to sidereal interval to give sidereal 
interval from preceding mean noon. The time of sidereal pre- 
ceding mean noon must then be applied, giving local sidereal 
time. This compared with the time of the sidereal chronom- 
eter gives the correction to the latter. 

329. Longitude by Lunar Distances.—If the direct 
methods of determining longitude are unavailable, such as 
those by telegraphic exchange of time signals with the chron- 
ograph (Art. 330) or by means of chronometers (Art. 328), 
there remains but one other method of determining longitude, 
dependent upon the motion of the moon. The position of the 
moon has been determined frequently at fixed observatories. 
As a result its orbit and its various perturbations have been 
computed. Tables giving the right ascension and declination 
of the moon for every hour, and other tables defining its place, 
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are to be found in the American Ephemeris. If the topog- 
rapher wishes to determine longitude by the moon, he deter- 
mines its position and notes the local time at which his obser- 
vation was made. Then by consulting the Ephemeris and 
finding what interval by Greenwich time the moon was actu- 
ally in the position in which he observed it, the difference 
between this time and the local time of his observation is 
longitude reckoned from Greenwich. 4 

The various methods by which the position of the moon 
may be determined are all approximate, and the field-work 
connected with the making of these observations is laborious 
considering the inferior quality of the results. The attain- 
ment of accuracy by any method involving the moon is diffi- 
cult, because the moon requires about 274 days to make one 
complete circuit in its orbit about the earth. The apparent 
motion of the moon among the stars is accordingly 5!; as fast 
as the apparent motion of the stars relative to the observer's 
meridian, which furnishes his measure of time. Any error 
in determining the position of the moon is accordingly multi- 
plied by at least 27 when converted into time. Moreover, the 
motion of the moon is so difficult to compute that its posi- 
tions at various times as given in the Ephemeris are in error 
by amounts which become whole seconds when multiplied 
by 27. Finally, the limb or edge of the visible disk of the 
moon, which is the object really observed, is seen as a ragged 
outline which makes it difficult to use for purposes of measure- 
ment. The computations required for the determination of 
longitude by lunar observations are long and complicated, and 
the theories involved require much study for their mastery. 
Accordingly, no attempt will be made to explain here the 
methods of determining longitude by lunar observations, 
reference being made to Doolittle’s Practical Astronomy, 
the American Ephemeris, and to Chauvenet’s Astronomy. 

Recently there has been devised by Captain E. H. Hills of 
the British Army a method of determining longitude by photo- 
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graphs of the moon and of one or more bright stars of ap- 
proximately the same declination. In 1895 Captain Hills 
took advantage of the despatch of a surveying expedition to 
the Niger River in Africa to carry out a series of field experi- 
ments for the determination of photographic longitudes. The 
results obtained are reported as most encouraging. No diffi- 
culty was experienced in the field although the observer was 
quite new to the work. The only apparent disadvantage of 
this method, and one which is not serious, rests on the fact 
that the results are not at once available, although this is 
generally of small moment, as the office measurement and 
computation can be done at leisure and with access to ac- 
curate measuring micrometers. Underlying the principle of 
this method is that of obtaining a photograph of the moon 
and the traces of one or more bright stars. The position of 
the moon is determined at the time of taking the photograph 
by means of some angle-reading instrument attached to or 
separate from the camera. After the exposure has been made 
on the moon the time is noted which elapses between it and 
the passage of some bright star across the field of the camera 
as denoted by the cross-hairs of the finding instrument. 
When an exposure of some duration is made on a star so that 
it shall leave a trace on the plate, or, in fact, several expo- 
sures are made as explained hereafter, the declination of the 
moon and stars being known and the time which has elapsed, 
these quantities, with the micrometric measurement of the 
distance between the limb. of the moon and the star trace, 
give all the data from which to compute the longitude. 

In Chapter XXXVII are given a description and an exam- 
ple of the method of determining a photographic longitude, 
prepared by Mr. Wm. J. Peters of the U. S. Geological Survey. 

330. Longitude by Chronograph.—As already explained, 
all methods of determining longitude are reduced to deter- 
mining the differences of local times and converting these into 
differences in longitude (Art. 305). The most accurate method 
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of determining time differences is by meridian transit observa- 
tions (Art. 308) for time at two stations, and the comparison 
of the results by the exchange of telegraphic signals. The 
operation consists in the observation of stars for time with a 
transit instrument of the type described in Article 3109. 
These stars are observed in sets by previous agreement be- 
tween the observers at the station the longitude of which is 
known and that at which it is to be determined. At some 
time about the middle of the night’s observations, between 
two sets of time observations, arbitrary signals are exchanged 
by telegraph between the two stations, and these serve to com- 
pare the chronometers and thus to compare the local times at 
the two places as determined during the star observations. 
For the purpose of recording the time of transit of stars 
as observed with the transit an instrument called a chrono- 
graph is used. This consists of a drum upon which is wound 
a strip of paper kept in revolution by clockwork controlled 
by an escapement (Fig. 182). A pen carried by a car which 
travels slowly in a direction parallel to the axis of the cylin- 
der traces a line on the drum. This penis held in place by a 
magnet carried also upon the car, and as long as the current 
from the battery passes through the coil and thus holds the 
armature the pen traces an unbroken spiral line. If the cur- 
rent is suddenly broken or destroyed, as by a touch of the ob- 
serving key, the armature is freed in an instant and a jog is 
made in the line. The batteries employed with this apparatus 
are the ordinary zinc, copper, and sulphate of copper appara- 
tuses of four cells. Dry batteries are also used successfully. 
Asa part of this apparatus a break-circuit chronometer is 
used which differs from ordinary chronometers in that it is 
arranged to break an electric circuit temporarily at regular 
intervals. Those used in the U.S. Geological Survey break 
circuit every two seconds, the end of a minute being indicated 
by a break at the Soth as well as 60th second. One of these 
chronometers being connected with a battery and the chrono- 
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graph being introduced in the same circuit, the beginning of 
every second is recorded upon the chronograph battery by a 
jog, and the distance between any two jogs represents there- 
fore 2 seconds. The observer at the transit watches a star 
near the meridian, and as it crosses a thread in the telescope 
he presses an observing-key which is in circuit with the chron- 
ograph, and thus records by a jog on the chronograph sheet 
the time of passage between the threads. 

331. Observing for Time.—The transit being mounted, 
leveled, and adjusted in the meridian as described in Article 
322, and the chronograph set up and running connected ina 
circuit with a battery, a chronometer, and a telegraph key, 
time observations are made in the following manner: 

A list of time stars should be consulted, as that given in 
the Berliner Jahrbuch, this being one of the fullest lists which 
give day places. Stars are selected north and south of the 
zenith so that the azimuth errors will balance one another as 
nearly as possible. On the approach of the selected star to 
the meridian the telescope-is set by means of the vertical 
circle for the altitude of the star above the horizon, as 
determined from the declination and latitude. As the star 
crosses each thread in the reticule the fact is recorded upon 
the chronograph sheet by the observer pressing the observing 
key. At least four time stars, as those between the equator 
and zenith, are designated, and one circumpolar star should be 
observed and the telescope be reversed in the wyes and a 
similar set be observed. Two such half-sets with the reversal 
of the telescope between gives an accurate determination of 
time. The same sets of stars are by previous agreement 
observed at each station. 

Between observations upon any two stars the strzding- 
Zevel should be placed upon the pivots of the instrument and 
readings taken to ascertain the departure of the axis from a 
horizontal position. In order to avoid wnegual expansion of 
the pivots from unequal heating, both bull’s-eye lamps must 
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be lighted and placed in their stands, in order that both pivots 
may be equally heated. After the comparison of chronom- 
eters at the two stations, to be hereafter described, a similar set 
of stars should be observed, thus giving rate of the chronometer. 

332. Reduction of Time Observations.—Certain con- 
stants of the transits should be measured before proceeding 
with the reduction of time observations. The value ofa division 
of the striding-level should be measured by means of a level- 
trier. The equatorial interval of time between each of the 
threads and the mean of all the threads should be obtained, 
as it is not infrequently needed in utilizing broken or imper- 
fect observations. These can best be obtained from observa- 
tions on slow-moving stars, but any stars may be used for the 
purpose. The intervals as observed are reduced to the equa- 
tor by multiplying them by the cosine of the declination of 
the star observed. The object of these observations is specifi- 
cally the determination of the error of the chronometer. 
This error equals the right ascension of a star minus its 
observed time of transit, corrected for certain instrumental 
errors. ‘These errors are as follows: 

The correction for level error, designated by 0 (Art. 308), 
is ascertained from the readings of the striding-level. The 
value of a division of the level in seconds of time must have 
been previously ascertained by means of a level-trier. The 
effect of the level error is greatest at the zenith and diminishes 
to zero at the horizon. The correction in seconds of time is 
given (see formula (131) ) by the following equation: 
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When the declination is north, it is to be regarded as 
having a plus sign for upper and a minus sign for lower 
culmination. When south it is negative. 

The correction for inequality of pivots can be made a part 
of the level correction. 
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Let p= the inequality of pivots; 
# = inclination of axis given by level for clamp west; 
B* = inclination of axis given by level for clamp east; 
6 = true inclination of axis for clamp west; 
6’ = true inclination of axis for clamp east ;—then 
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z 
6 = 8-4 > for clamp west; 
b' = B' — p for clamp east. 


The correction for error of collimation, designated by c 
(Art. 308), is the departure of the mean of the threads from 
the optical axis of the telescope. For stars at upper culmi- 
nation with clamp west it is plus when the mean of the threads 
is east of the axis, and minus when it is west of it. For stars 
at lower culmination the reverse is the case. The value of ¢ 
is one-half the difference between the clock error indicated by 
stars observed before and after reversal of the instrument, 
divided by the mean secant of the declinations of the stars. 
This is slightly complicated with the azimuth, although the 
effect of that is largely eliminated by the proper selection of 
stars. Consequently it is to be obtained by approximations, 
in conjunction with the azimuth errors. The correction to 
be applied to each star is, from formula (132), 
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which is plus for a star at upper culmination, and minus for a 
star at lower culmination. It is least for equatorial stars and 
increases with the secant of the declination. 
The correction for deviation in azimuth, designated by a 
(Art. 308), represents the error in the setting of the instru- 
ment in the meridian. Its effect is zero at the zenith and in- 
increases towards the horizon. Since the instrument is liable 
to be disturbed during the operation of reversal, it is neces- 
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sary to determine the azimuth error separately, both before 
and after reversal. A comparison of the clock error, deter- 
mined from observations upon north and south stars, will fur- 
nish the data necessary for the determination of azimuth. 
Practically, it is determined by elimination from equations 
involving the mean of all these stars observed in each of the 
two positions of the instrument, after correcting for level, and 
as it is slightly complicated with collimation it must be 
reached by two or more approximations. The errror is essen- 
tially positive when the telescope points east of south, and 
negative when west of south. The correction applicable to 
any star is expressed (see formula (130)) in the following 
equation: 
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It must be understood that the declination when north is 
positive for upper and’ negative for lower culmination, and 
that with south declination it is negative. 

The right ascension of stars, as taken from the Star Cata- 
logue, must be corrected for diurnal aberration, which equals 
08.021 cos @ sec 6. This correction is positive for upper and 
negative for lower culmination. 

The foregoing corrections are summarized (see formula 
(135)) in the following equation: 
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A, B, C are constants, depending upon the latitude of the 
place of observation and the declination of the star. Tables’ 
_for these quantities will be found in an appendix to Annual 
Report U.S. Coast and Geodetic Survey for 1880. (Extract 
reprinted herewith, Table LXX.) 

333. Record of Time Observations.—On pages 755 to 
757 is an example of the form for record of observation and 
reduction of time observations, taken from a series made for 
the determination of position of Rapid, South Dakota. 
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TABLE LXX. 


FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 
‘(Extracted from Appendix 14, U. S. Coast and Geodetic Survey Report for 1880.) 
To find A enter left-hand column with the zenith distance; its intersection with declina- 


tion column given azimuth factor, 
To find # enter right-hand column with the zenith distance; its intersection with declina- 


tion column gives level factor, 
C is given on last line of each section of the table. 


Azimuth factor A = sing sec 6. Star’s declination + 6. Inclination factor B = cos ¢ sec 6. 
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TABLE LXX. 
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68 | £.18] 1.21] ¥.23) I-25] 1.27] 1.29] 1.31) 1.33] 1.36) 1239] 1.41) 1.44] 22 

69 | 1.18) 1.22) 1.24) I 26 1.28) 1.30) 1.32] 1.34] 1.37] 1.40] 1.42] 1.45] 21 

70 | 1.19 1.23] 1.25] 1-26 1.28] 1.31] 1.33] 1.35] 1-38] 1.40] 1.43] 1-46] 20 

of toe let 20 I 22) = PTS 8 teary) 1.29 STi SA Sole LagO|nle4 0) Ded ay Lede) co 

72 | I-21) 1.24] 1.26} 1.28 1.30} 1.32) 1.34) 1.37} 1.39] 1.42| 1.45 1.48] 18 

75) ele 2T) We25) 27} L620) L.S0).26531) 0-95] 30) ot 40| I.43| I.46| I.49| 17 

| Bee ied 1.27| 1.29' 1.31] 1.34] 1.36] 1.38] 1.41| 1.44| 1.46] 1.49| 16 

75 | 1.23 I.26, 1.28) 1.30 1.32] 1.34] 1.37] 1.39] 1-42] 1.44] 1.47] 1.50) 15 

76 | 1.23, I.27| 1.29! 1.31 1.33] 1.35: 1.37] 1.40 1.42] 1.45) 1.48) 1.51] 14 

77 | 1.24) 1.27] 1-29 I.31| 1.33] 1-35] 1.38] 1.40] 1.43] 1-46) 1.48) 1.52) 13 
| 78 | 1.24, 1.28! 1.30] 1.32) 1.34 1.36] 1.38| 1.41] 1.43] 1.46] I.49| 1.52| 12 

79 | 1.25) 1.28) 1.30, 1.32, 1.34) 1.36) 1.39] 1.41] 1.44] 1-47] 1.50} 1.53) 11 
| 80 | 1.25] 1.29) 1.30] 1.33) I.35| 1.37| 1-3G| 1-42] 1.44] 1-47| 1.50} 1.53) 10 

| ) 

St. | £25) b-20) 1.30) 1.33) 1.35] 1-37] 1-40] 1-42|| 1.45] 1.48) 1.51) 1654) 9 
| 82 | 1.26] 1.29] 1.31] 1.33) 1.35] 1.38) 1.40] 1.43] 1.45] 1-48] 1.52) 1.54) 8 
| 83 | 1.26] 1.30, 1.32] 1.34] 1.36] 1.38) I.40| 1.43] 1.46] 1.48] 1.51] 1.54] 7 
| 84 | 1.26 1.30. I.32| 1.34| 1.36] 1.38, 1.41] 1.43] 1.46} 1.49] 1.52) 1.55 6 
| (359) 1.26 1.30 1.32) T 34! 1.36| 1.38) 1.41] 1.43] 1.46] 1.49| 1.52] 1.55] 5 
| 86 | 1.27) 1.30] 1.32) 1.34 1.36 549) I.41| 1.44] I.46) 1.49] 1.52] 1.55| 4 

87 | 1.27! 1.30] 1.32] 1.34 1.37] 1-39| 1-41] 1.44] 1.46) 1.49] 1.52) 155! 3 

Sou iebee7l tG0) bese 34, Tes] 1.39) 1.41] 1.44] 1.46) 1.49] 1.52) 1.55) 2 

1 1.31| 1.32) 1.35, 1.37| 1.39) 1-41) 1.44] 1-47| 1.49] 1.52] 1-56] 1 
ie MoS BE 1.32, M35) 137) 1.39) I.41| 1.44] 1.47] I.49| 1.52] 1 56| 0 
| 


762 LONGITUDE. 


AWARE MIE XOX. 
FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 


1 ¢ | sre 1 52° | 53° | 54° | 55° | soe | 57° | 58° | soe | 60° | Gog? | 62° ¢ 
Teh O3| gOS teeFOS|)8 03 lu-O3) 99s O3|l) 603) 15.03) 91.03,10-03] 11,04) sa-O4|me oom 
Qu OO| = OO|) ss OO|l OO as 00] 2206|( 0651.07] 6O7)'s. 07mm. 07 O7n Ios 
3 508! s08)) meCO| 00/05 OOiee- OS) aralO| Nae LO| me LON ia. LO} ere MTs get ino.7 
ANe ets GREP ALTCl\e Te) ecko) 2-2) 33) eo1 Sled 4) eek) LAN LAlecoo 
5 SUA West Ale D5 S| RObLOls LOW) yeaah 7 ee kOlreLOl BeOS 
6 LUE LG | eel ee LOlmelO eel O! tO) pe. 20] 1a. 2O ,21| .21) .22 84 
7 s1Q|| G20) $220) «-2E) 320) 9.22) 722). 223) 9.24) .24) 25)) 625)) 83 
SSeeR2| 2 523), 6623! aa24) 9324) 25/0226) (261 27] 23) 28) zoned 
9 26 an2 Seen 2 Oe 2 Ole 2 77) 2 ote 20) re 2 O15 O| lem 32 | 2 Oo 

10 28a 28 i 2ON SON ne SONS a 32a 53) 3405S 5 ee GOlOO 
II 30} .31| .32| .32| .33) -34) -35| .36]/ -37) .38] .39] .«39| 79 
12 33) -34| -35| +35} -36; .37} -38] -39] -40} .42) .42) .43] 78 
13 36| .36| .37| -38) .39, .40} .41| .42| .44] .45| .46/ .46) 77 
14 38] .39] -40| -4I| .42| .43} .44) .46) .47) .48) 49] .50) 76 
15 41] .42| .43] -44) .45] -46) .48} .49} .50/ .52| .53/ .53/ 75 


29 77 yO sOL eRsoe eee O4 eiO7)|| 160 \teOl |e O04 a.Q7i\aOols 1 OOlmOr 
30 FO) cor 83] .85} .87/_.89] .92] .94| .97] I.00] I.0r| 1.03] 60 
31 .82) .84] .86) .88) .90) .92/ .95] .97) 1.00] 1.03] 1.05] 1.06] 59 
32 .84| .86] .88) .9go0 +92) .95! .97| 1.00) 1.03] 1.06) 1.08) 1.09] 58 
a3 87; .88 QI} +93} +95) +97| 1.00] 1.03) 1 OO|FE-OO ler Li) Ia l2iees 7 
34 89} .gI 93) -95| -97| 1.00} 1.03} I.05] I.oof 1.12] 1.14] 1.15] 56 
35 gt) .93| -95| -98} 1.00} 1.03] 1.05] I.08] 1.11] 1 15| 1.16] 1.18} 55 
| | 
36 9.3] .95| .98| I 00 I.03| 1.05 1.08} I.11| 1.14] 1.18] 1.19] 1.21] 54 
BG] -96| .98} 1.00) 1.02] 1.05) 1.08] 1.10] 1.14] 1.17] 1.20) 1.22] 1.24] 53 
38 98] I.00]' X.02}, 1.05] 1.07) 1.10) 1.13] 16 1 20 el. 23a e255 te ghee 
39 | I.00] 1.02] 1,05] 1.07] I.10) 1.12] 1.15] 1.19) 1.22] 1.26] 1.28] 1.30] 51 
40 | 1.02] 1.04] 1.07); 1.09] 1.12) 1.15] 1.18] 1.21] 1.25] 1.29] 1.31) 1.33) 50 
41 | 1.04] 1.07! 1.09] 1.12] 1.14| 1.17] 1.20] 1.24] 1.27] 1.31] 1.33 "| 49 
42 | 1.06] 1.09] 1.11] I-14] 1.17] 1.20] 1.23] 1.26] 1.30] 1.34] 1.36] 1.38] 48 
43 | 1.08] 1-11} 1.13} 1.16) 1.19] 1.22) 1.25) 1.29] 1.32] 1.36! 1.39] 1.41] 47 
AGN ETOTO! LZ eds Lol Sete 2Tei24 er. 28 ees Tietes Sel solr 4iiet 4aimmo 
| 45 | 1,12 ge £20} 1.23) 120s. SOM. 33 |oln37/uiean T.44) 1.46 45 
iE jt a ee ee eee | 


A, B C STAR FACTORS. 763, 
TABLE LXX. 
FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 
fe $ BL | BAe ose esa teSoc sesOcr|| (572 | 858°) |so°. | (60°. |-6op°) | 861° | 
46° | 1.14] I.17| 1.19] 3.22) 1.25] 1.29] 1.32) 1.36] 1.40] 1.44] 1.46] 1.48] 44° 
47 | 1.16] 1.19) 1.21] 1.24] 1.27] 1.31] 1.34] 1.38] 1.42] 1.46) 1.49] 1.51 43 
48 | 1.18) 1.21] 1.23] 1.26] 1.30] 1.33] 1.36) 1.40] 1.44] 1.48] 1.50] 1.53] 42 
49 | 1.20) 1.23) 1.25] 1.28] 1.32] 1.35] 1.39] 1.42] 1.47] 1.51] 1.53] 1.56] 41 
50 | 1.22] 1.24) 1.27) 1.30] 1.34] 1.37] 1.41] 1.44] 1.49] 1.53] 1.56] 1.58) 40 
} | 
51 1.23] 1.26) 1.29] 1.32] 1.35| 1.39] 1.43] 1.47] 1.51] 1.55] 1.58] 3.60] 39 
52 | 1.25) 1.28) 1.31) 1.34] 1.37| 1-41] 1.45] 1.49 1.53] 1.58] 1.60] 1.63] 38 
53 | 1.27| 1.30] 1.33] 1.36) 1.39] 1.43] I.47| 1.51] 1.55] 1.60] 1.62] 1.65| 37 
54 | 1.29) 1.31] 1.34) 1.38) 1.41] 1.45] 1.49] 1.53) 1.57] 1.62] 1.64] 1.67] 36 
55 1.30] 1.33] 1.36] 1.39] 1.43] 1.46] 1.50 1.55) 1.59 1.64] 1.66] 1.69! 35) 
56 I.32] 1.35) 1.38] 1.41] 1.45] 1.48] 1.52] 1.56) 1.61| 1.66] 1.68] 1.71) 34 
57 1.33] 1.36] 1.39) 1.43] 1.46) 1.50} 1.54] 1.58) 1.63] 7.68] 1.70] 1.73: 33 
58 1.35| 1.38] 1.41] 1.44] 1.48] 1.52] 1.56) 1.60, 1.65] 1.70] 1.72] 1.75]. 32 
59 1.36] 1.39] 1.42) 1.46] 1.49] 1.53] 1.57| 1.62) 1.66] 1.71] 1.74] 1.77| 31 
60 1.38] 1.41| 1.44) 1.47] 1.51] 1.55] 1.59] 1.63] 1.68] 1.73] 1.76| 1.79 30 
61 1.39| 1.42) 1.45] 1.49] 1.53] 1.56) 1.61| 1.65} 1.70) 1.75] 1.78] 1.80) 29 
62 T.qOli.43) 0-47) 0.50) 1.54) 1.58) 1.02) 1.07) 1.70 1.771) 1.70) 182i) 928 
63 1.42] 1.45! 1.49] 1.52] 1.55| 1.59| 1.64) 1.68) 1.73] 1.78] 1.81] 1.84) 27 
64 1.43] 1.46! 1.49] 1.53} 1.57] 1.61| 1.65} 1.70] 1.75] 1.80] 1.83] 1.85 26 
65 E.44|) 1.47) 1.51 1.54) 1.58) 1.62) 1.66) 1.71) 1.76) 1.81! 1.84) 4.87) 25 
| 
66 1.45| 1.48] 1.52) 1.55] 1.59] 1.63] 1.68] 1.72] 1.77] 1.83] 1.85} 1.88 24 
67 1.46) 1.50} 1.53] 1.57) 1.60] 1.65] 1.69] 1.74] 1.79] 1.84| 1.87] 1.90 23 
68 1.47] 1.51] 1.54| 1.58] 1.62] 1.66] 1.70] 1.75] 1.80} 1.85] 1.88] 1.91] 22 
69 X40) 0.52) F.55) 1.50) 1-63) 1-07! 17k. 1.76) 1.91| 1.87) 1.90|..1.03|) 25 
70 1.49] I.53| 1.56] 1.60) 1.64) 1.68] 1.73] 1.77, 1.82) 1.88) I.91] 1.94’ 20 
| 
4I I.50| 1.54] I.£7| 1.61] 1.65) 1.69] 1 74: 1.78, 1.84] 1.89] 1.92] 1.05} I9 
42 | 1.51| 1.54] 1.58] 1.62] 1.66] 1.70] 1.75, 1.80 1.85] 1.90] 1.93] 1.96] 18 
73 I.52| 1.55] 1.59] 1.63] 1.67] 1.71] 1.76 1.80) 1.86} 1.91) 1.94] 1.97) 17 
74 | 1.53] 1.56] 1.60; 1.63] 1.68] 1.72] 1.76) 1.81] 1.87] 1.92] 1.95, 1.98} 16 
75 | 1.53| 1.57| 1.60] 1.64] 1.68] 1.73] I.77| 1.82) 1.88] 1.93] 1.96] 1.99] 15 
76 I.54| 1.58! 1.61] 1.65] 1.69] 1.73] 1.78) 1.83 1.88] 1.94) 1.97 2.00) 14 
78 | 7.55] 1.58] 1.62} 1.66 1.70 1.74] 1.79 1.84] 1.89] 1.95] 1.98] 2.01) 13 
78 1.55| 1.59 1.62] 1.66] 1.70] 1.75] 1.80] 1.85] I go| 1.96] 1.99] 2.02, 12 
79 | £.56] 1.59] 1.63] 1.67] 1.71| 1.76].1.80) 1.85] 1.91] 1.96) 1.99 2.02] II 
80 | 1.56] 1.60] 1.64) 1.67] 1.72) 1.76] 1.81! 1.86) 1.91] 1.97] 2.00] 2.03) 10 
{ 
81 | 1.57] 1.60] 1.64! 1.68] 1.72] 1.77] 1.81] 1.86) 1.92] 1.98} 2.01 2.04) 9 
82 | 1.57| 1.61| 1.64] 1.68] 1.73] 1.77] 1.82) 1.87] I.92] 1.98] 2.01] 2.04] 8 
S36 ei. 58|-L-On) 1.05) 1,60) 1. 73) 1.77) 1-92 1.87) 1.93] 1.99] 2.02] 2.05} 7 
84 | 1.58] 1.62} 1.65] 1.69] 1.73] 1.78] 1.83] 1.88) 1.93] 1.99] 2.02] 2.05) 6 
85 | 1.58] 1.62] 1.65] 1.69] 1.74, 1.78] 1.83) 1.88] 1.93] 1.99] 2.02] 2.05) 5 
86 | 1.59] 1.62] 1.66] 1.70] 1.74] 1.78] 1.83] 1.88] 1.94] 2.00] 2.03] 2.06, 4 
y] 1.59} 1.62] 1.66] 1.70] 1.74) I 79 1.83) 1.88} I.94| 2.00] 2.03] 2.06} 3 
88 | 1.59] 1.62) 1.66] 1.70] 1.74 I.79] 1.83] 1.89] 1.94] 2.00, 2.03] 2.06, 2 
89 | 1.59] 1-62) 1.66] 1.70] 1.74| 1.79] 1.84} 1.89] 1.94] 2.00] 2.03] 2.06) I | 
90 | 1.50] 1.62, 1.66] 1.70] 1.74| 1.79] 1.84' 1.89] 1.94] 2.00] 2.03) 2.06, 0 | 
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FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 


Ge Ora” 
1°} .04 
2 07 
3 q1 
4 15 
5 .18 
6 .22 
7 ie a2G 
8 -29 
9 +33 
10 -36 
Pha 240 
ile ep 
13-47 
14 +51 
15 54 
16 | .58 
dye .61 
18 -65 
19 .68 
20 ie, 
21 75 
pies | ai 
23 82} 
24 85 
PHS Ni Woke) 
26 | .92 
27 | .95 
psy || Kole) 
29 | 1.02 
30 1.05 
QT EOS 
SYA |). ae nkiE 
Se) | aca 
Gye | a yaey/ 
35 | I.20 
3051.23 
BT 20 
38 | 1.29 
39 | 1.32 
40 | 1.35 
Ho le bin ely) 
42 | 1.40 
43 | 1.43 
44 | 1.46 
45 | 1.48 


62° 


H 
[e} 
() 


es 
e} 
i 


HHH HA 
al 
oO 


623 


HH eH OW 


HHH eA 


1o 


63° 


+35] 


ee Oe Oe Lesion ileal Lan! ~ He ee 
ey faba tel ties te ofa Stel Melaarety re! SUNOS ee fe Ie 


HAH 


LONGITUDE. 
TABLE EX X. 
634° | 64° | 643° | 65° 
.04| .04| .04; .04 
.08|; .08} .08| .08 
Guiry] ea a4) aah) NC} 
LO lO SLOW okay 
W2O0le e2Oleas LO 2a 
2 -24| .24/ .25 
SH eeo S2O +29) 
ASE 6320 SZ 633 
-35| -36) .36; .37 
-39| .40 40.41 
-43) +44) «44 45 
-47| 47) 48.49 
50| .51| .52| .53 
-54| -55} .56) «57 
Sole 50) .0Oh .OE 
-62| .63) .64| .65 
00m Ors eto 
-69} .70| .72| .73 
73; +74) +76 77 
Tae TO FQ) Or 
.80} .82] .83) .85| 
.84] .85| .87| .89 
2G), «OOH -.Ol 2.92 
-9I} .93| .94| .96 
-95} -96| .98} 1.00 
.98} 1.00 1.02) 1.04 
1.02] I.04| 1.05] 1.07 
I.05| I.07] 1.09! 1.11 
1,09] I.1z| 3.13} 1.15] 
ie heh. TAT. TON RS) 
T.15) 1.17) 2.20)! t.22 
1 1O}) La2Lie. 23) bass 
I.22| 1.24) 1.26] 1.29 
1.25] 1.27] 1.30] 1.32 
E20 |P. G0 E335 b. 36 
1.32] 1.34|-1.37| 1.39] 
1.35| I-37] 1.40| 1.42| 
1.38) 1.40} 1.43) 1.46 
I.41| 1.43] 1.46) 1.49 
I.44| 1.47] 1.49] 1.52] 
4 zi. SOW bh. 5 Siehess 
1.50] 1.53] 1.55| 1.58 
1.53) 1.56) L.59)) 1.65 
1.56) 1.58) 1.61] 1.64 
1.58) 1.61] 1.64] 1.67 


66° 


[on ile Ol oe le | 
chek. tenes al 


— 


.04 
.09 
an 
my) 


21 


-26 
-30 
+34 
+39 
*43 


663° 


.04 
.09 
os} 
Bp its} 
PP 


.26 
Aoi 
+35 


67— 


on on le oe | SS a eS 


— Ss SS 
a Ole eet 


F] 


° 


ee ee A ee 


ae 
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FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 


46° 
47 
48 


49 
50 
51 
52 
Sve! 
54 
55 
56 
57 
58 


Hae Se Se et 
ie oe eh a 


NNN RH 


He He eH He OY HHH HA 


SS et 
CH pte tak Revi ule 


wBNYHNN NNN H HD 


YBNNHNND 


Le Ol oe oe El oe oe oon oe oe | 


Ny dvb 


NbwNHN WN RHR Ha ie ee | 


Nw HNN 


ww HHH 


62}° 


mH HOO 


I 
I 
I. 
I 
1 


Home HHH 
eck le et 


SS A 


Nw HNN byw HN why nbd bv yw NAH 


1 Oo a a a) 


A eee i ALO BACT ORS. 
TABLE LXX. 
63° | 634° | 64° | 642° | 65° | 653° 
1.58] 1.61| 1.64) 1.67) 1.70) 1.74 
1.61) 0.64) £.67| ©.70) 1.73] 1.76 
1.63} 1.66] 1.69] 1.72) 1.75] 1.79 
1.66] 1.69] 1.72] 1.75] 1.79] 1.82 
I.69] 1.72] 1.75] 1-78) 1.81/ 1.85 
1.7I| 1.74] 1.77| 1.80] 1.84] 1.87 
1.74 1.77, 1.80 1.83) 1.86] 1.90 
1.76] I.79| 1.82] 1.85| 1.89] 1.93 
1.78) 1.81) 1.85] 1.88) 1.91) 1.95 
1.80) 1.84) 1.87] 1.90, 1.94] 1.98 
1.83) 1.86, 1.89 I.93| 1.96] 2.00 
1.85; 1.88] 1.91] I.95| 1-98] 2.02 
1.87 1.90] 1.93 I.97| 2.01| 2.05 
1.89) 1.92) 1.95 1.99 2.03 2.07 
1.91) 1.94 1.97 2.01) 2.05] 2.09 
1.93) 1.96) 2.00] 2.03] 2.07] 2.11 
1.94) 1.98 2.01| 2.05 2.09) 2.13 
I.96] 2.00] 2.03] 2.07) 2.11} 2.15 
1.98} 2.02) 2.05] 2.09] 2-13] 2.17 
2.00] 2.03) 2.07] 2. 11| 2.14| 2-19 
2.01) 2.05| 2.08) 2.12) 2.16) 2.20 
| 2.03 2.06) 2.10 DuLA Qs 1S 2e22 
| 2.04| 2.08] 2.11] 2.15| 2.19; 2.24 
2.06] 2.09| 2.13] 2.17| 2.21] 2.25 
2.07] 2.11/ 2.14| 2.18] 2.22] 2.27 
2.08 PAI 2, 20) 2.24) 2-28 
2.00) 2.132, by 2-20) 2.25) 2.20 
| 2.11| 2.14) 2.18] 2.22] 2.26) 2.31 
2). 12) 2).461 22. 10} 2.23) 2.27) 2, 32 
2.13| 2.16) 2.20) 2.24/ 2.20) 2.33 
2. 1A|2.07| 2.21) 2.25) 2.30| 2334 
2.15| 2.18] 2.22] 2.26] 2.31| 2.35 
2.15) 2.10) 2.23|'2. 27/2. 91) 2'..36 
2.16) 2. 20) 2. 24) 2.28) 2.32) 2.37 
2.17| 2.212). 25) 2. 20\12. 33)'2.38 
2.18] 2. 2T| 2.25} 2.29] 2.34) 2-38 
2, 10] 2.22) 2. 20)'2. 30)'2). 34/2. 30 
2.19] 2.22] 2.26] 2.31] 2.35] 2.39 
2.19] 2.23| 2.27] 2.31] 2.35] 2.40 
2.19] 2.23| 2.27] 2.31| 2.36) 2.40 
2.20| 2.24! 2.28] 2.32] 2.36] 2.41 
2.20) 2.24| 2.28] 2.32] 2.36] 2.41 
2.20| 2.24| 2.28] 2.32) 2.36) 2.41 
2.20) 2.24| 2.28] 2.32) 2.37| 2.41 
2.20] 2.24) 2.28) 2.32/2.37| 2.41 


“NNNHNND 


NHHNNHN 


NOH Aa A 


NwNH ND NNN ND Nv WYN YD OH a a 


NbN nH HN WN 


by yvpn 


RN NH A 
ie a Oak 


bwnnvdwvnd hb wnwynd bd wb NNN WD Nhwhb vy b&b bw N HL 


wb wb bo 


PHYHNHH NHHYNYHNKDND NYNYOKHHKH NYNNYHNKH NYNHHNHNKN HNNHNKHNKHH KHNYNKHH AHHH 


beh bb 


Or dP woh MDA WO 
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LONGITUDE. 


ARN EO 
FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 


sf ¢ |) 673° | 68° | age 
Tene OS en O5|0 05 
Dea. .OQ sas O0]me-.10 
3 SebA | tte 04's 
4 ails)! a ROH cA) 
5 O3lm23\e eee. 
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48 | 2.78) 2.82] 2.87] 2.92) 2.97] 3.02) 3 07| 3 13] 3.18] 3.24) 3.30] 3.37] 42 
49 2 82) 2.87| 2.92 2 96) 3.01] 3.07] 3.12] 3.18] 3.23] 3.29] 3.35] 3.42] 41 
50 ae) 2.91} 2.96 3-01, 3.06] 3.I1| 3.17] 3.22] 3.28) 3.34] 3.41| 3:47] 40 
51 2.91) 2.95| 3.00 3.05, 3.10] 3.16] 3 21] 3.27] 3.33] 3-39] 3.45] 3.52] 39 
52 | 2.95| 3-00) 3.04, 3.09 3-15) 3.20 3.26, 3.31) 3.38, 3.44) 3.50, 3.57; 38 
53 | 2.99] 3.04| 3.09] 3.14, 3.19] 3.24) 3.30 3.36] 3.42 3.45) 3.55] 3.02) 37 
54 | 3.03, 3.08) 3.13) 3.18 3.23) 3.29 3.34 3-40] 3-47, 3.53) 3-60) 3.67) 36 
55 | 3-07: 3-11) 3.16) 3.22, 3.27) 3.33) 3-39 3-45] 3.51) 3:57] 3.64] 3.71) 35 
56 | 3.10 3.15 3 a 3.26) 3.31 3.37) 3 43| 3-49] 3-55| 3-62: 3.68| 3.76) 34 
57 | 3-14 3-19 3.24) 3-29 3.35 3-41) 3-47, 3.53) 3-59, 3-66. 3.73) 3.80 33 
58 | 3.17| 3 22, 3.28) 3.33] 3.39 3-45° 3-51) 3-57| 3-63) 3.70! 3.77] 3-84) 32 
59 | 3.21| 3.26, 3.31) 3.37| 3-42 3.48] 3.54] 3.61; 3.67] 3:74! 3.81] 3.88) 31 
60 | 3-24) 3:29 3°35 3-40, a 3.52; 3.58! 3.64] 3.71} 3 78] 3.85| 3.92; 380 

| | | 

61 | 3.27 3.33 3.38) 3-44) 3-49 3-55] 3.62| 3.68| 3.75] 3.82 3-89) 3.96 29 | 
62 | 3.30 3.36) 3.41) 3.47) 3.53 3.59] 3-65] 3.72] 3-78/ 3.85) 3.92) 4 00] 28 
63 | 3-33, 3 39, 3 44] 3-50) 3.56, 3.62] 3.68) 3.75] 3.82) 3.89) 3-96) 4.04, 27 
64 | 3.36 3 42, 3.47/ 3-53) 3.59 3.65] 3.72 3.78) 3-85) 3.92) 4.00) 4.07| 26 
5 | 3.39 3.45) 3-50) 3-56 3.62, 3.68) 3.75) 3.81 3.88) 3.95) 4.03] 4.11) 25 

i | | | | | 
66 | 3.42 3.47! 3 53] 3-59, 3-65 3.71) 3-78] 3-84) 3-91 3-99) 4.06 4.14 24 
67 3-44 3-50, 3 56) 3.62! 3.68) 3.74 3.81) 3.87) 3.94| 4.02] 4.00] 4.17] 23 
68 | 3.47 3-53 3-58) 3.64 3.70) 3.77] 3.83, 3-90) 3-97) 4.05] 4.12] 4.20) 22 
69 | 3-49 3-55| 3-61) 3.67) 3.73’ 3-79; 3.86] 3.93| 4-00] 4.07) 4.15] 4.23) 21 
70 | 3.52 3-57, 3.63) 3.69 3-75 3.82| 3 89) 3-95] 4.03 4.10, 4.18) 4.25) 20 
| | | | | 
71 Bisa 3.60| 3.65| 3.71| 3.78] 3.84] 3.91] 3.98! 4 05| 4.13] 4.20) 4.28] 109 
72 | 3.56! 3 62) 3:67| 3.74) 3.80] 3.86) 3.93] 4 oo|-4.07! 4.15] 4.23] 4.31) 18 
73 | 3-58] 3 64] 3.69] 3.76) 3.82) 3.89) 3.95| 4.02] 4 10] 4 17) 4.25] 4.33) 17 
74 | 3.60, 3-65) 3.71| 3-78, 3.84] 3-91| 3-97) 4.04] 4.12| 4.19] 4.27) 4.36] 16 
75 | 3-61 3 67, 3.73] 3-79 3-86) 3.92) 3.99) 4.06] 4.14) 4.21) 4.29) 4.38) 15 
76 | 3.64 3.69) 3 75 3.82 3.88) 3.94) 4-01] 4.08] 4.16] 4.23) 4.31) 4.40) 14 
77 | 3-65! 3.70) 3.76) 3.83) 3.89 3.95] 4.03] 4.10] 4.17| 4.25] 4.33] 4.41) 13 
78 | 3.66 3.72, 3.78 3.84| 3.91| 3.97] 4-04] 4.11] 4-19] 4.27) 4.35] 4.43] 12 
79 | 3-67 3.73 3-79) 3.86, 3.92] 3.99 4.00, 4.13] 4.21) 4.28) 4.36, 4.45) II 
80 3:08) 3°74 3.81 3 87) 3.93] 4.00; 4.07) 4.14] 4.22] 4 30] 4.38} 4.46) 10 
81 | 3270, 3.75| 3.82) 3.88) 3.94 4.01] 4.08] 4.16] 4.23] 4.31] 4.39) 4-48) 9 
82 | 3 71| 3-76 3.83] 3.89] 3-96; 4.02} 4.09] 4.17| 4.24) 4.32] 4.40).4.49, 8 
83 | 3-72) 3-77 3-84) 3.90) 3-96) 4.03) 4.10) 4.18] 4.25) 4-33, 4-41 4.50 7 
84 | 3 72| 3.78; 3.84) 3-91 3-07| 4-04)°4. 11 4.18] 4.26] 4.34} 4.42] 4.51) 6 
85 a 3.79 3-85) 3-91] 3-98) 4.05] 4.12] 4.19] 4.27) 4.35) 4-43] 4-51) 5 
86 | 3.73) as 3.85) 3.92| 3.98] 4.05) 4.12] 4.20] 4.27] 4.35) 4-43) 4.52) 4 
87 | 3.74| 3-79! 3.86] 3.92] 3.99] 4.06] 4.13] 4.20] 4.28) 4.36) 4.44) 4.53) 3 
88 | 3.74 3.80) 3.86, 3.92| 3.99| 4.06! 4.13] 4.20) 4.28] 4.36) 4.44) 4.53) 2 
89 | 3.74) 3-80, 3.86] 3.93] 3-99] 4-06] 4.13] 4.21) 4.28) 4.36) 4.44) 4.53) 
90 | 3.74 3.80, 3.86| 3.93] 3.99) 4-06] 4.13] 4.21] 4.28] 4.36) 4.44) 4.53) 0 
ee aS ee eee see { 
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VABUE LEX. 
78° | 782° | 783° | 783° | 79° | 792° 
.08| .09] .09| .09] -09] .09 
Sip Seedy Ns Sab deall Gael LS) LO 
25s 260i) @ 20M 27, 2 -28 
34.) 234i 35) 636) «371 37 
-42) 43) +44) «45 -40) «47 
Salers Lille eS Salen Sasha eS Sul sO 
= 50). 00} a Ola) 6 O25 0:1 205 
Sipht WeaCSyonli iKorl!” iets Gigi) | Saiz 
Sule ae Fale Suh OO) le IO Zul) sO: 
etl CI i asia |) ako) Cie O05 
“O2iN aO4u\ 2. GO .98 | 1.00 1.02 
I.00| 1.02] 1.04|1.07 | 1.09] 1.11 
1.08] 1.10; 1.13/1.15|1-18| 1.21 
et OlMC i Ouee 2 Lae 2A | he 27a aa 
D2silel 27 ikl Oi WS 3uek 30) i130) 
LaSSil Souiele sold tall. 44S 
1340) 1.44 |,1247)| L. 50!) 1-53) be 57 
T.49/1.52/1.55|1.58] 1.62] 1.66 
Tee:5 77 NPE OO! O 3a) br Cy7mlicearLy Lis 
He OSM el OS iat7/ 2a Laeisail 7 Oh lOs 
Te] Quel Onb Tye GON Ll Oa| aS Sil 
1.80] 1.84] 1-88| 1.92] 1.96| 2.01 
1.88 | 1.92 | 1.96 | 2.00 | 2.05 | 2.09 
T.Q6 | 2.00 | 2.04 |.2.08 | 2.13 | 2.18 
POE} | PoOyA (Morea Beng) (aoe) || avy) 
PFS iGE || iS WOGAIO) || aos || 2 e¥0) || 23.5% 
QraLOie 2 23yh2 20 2 9Snzasononds 
220) 2 3 tae SOU aque A Oba as 2 
2.33 | 2.38] 2.43 | 2.48 | 2.54 | 2.60 
2.40|2.46|2.51/2.56 2.62] 2.68 
QrASMi 2) 5 Sue2i. 5 Os 2 Oe Oue 70) 
2.55 | 2.60) 2.66] 2.72/| 2.78] 2.84 
2502) )2 0724 275i osfOme OS een 
2.69] 2.75! 2.80| 2.87 | 2.93| 3.00 
2.76 | 2.82) 2.88 | 2.94 | 3.01 | 3.08 | 
| | | 
2.83 2.89] 2.95 | 3.01 | 3.08 | 3.15 
2.90 2.95] 3.02 | 3-08 3.15 | 3.23 
2.19053; 02)1/3.0G) 3.101) 3423) 183030 
3.03 3.09 | 3.16) 3.23 | 3.30] 3.37 
Boo 16) 3.22 3.29 3.37) 3-45 
3.16 | 3.22 | 3.29 | 3.36 | 3.44 | 3.52 
3.22 | 3.29) 3.36 3.43 | 3-51 / 3.59 
3-28 | 3.35 | 3-42 | 3.50| 3.57 | 3.66 
3-34 | 3-41 | 3.48 | 3.56) 3.64 | 3.72 
3-40 3-47 | 3-55 | 3-62) 3.71 | 3.79 


798° | 792° || 80° 
-t0|* .10| 10 | 
-Ig, +20) .20 
229) 20) =30 
-38 | “39 | +40 
-48} .49] -50 
Tal s5 OOO 
SOF es O9) er, O 
SAO cog) Ss sk@ 
MO) tell) Maye) 
95 | -98 | 1.00 
TOS) | LOT LO 
HUI eres) Oy) || SERIO: 
Tig 2 35h) tea 2O) ile 30) 
1.33] 1.36] 1.39 
1.42 D4 Ot. 49 
Chet bz.58 | 1.59 
1.60) 1.64 | 1.68 
EO Are 
Hig Og Lino 3) iow 
ipa torsh || aieKey) | TP SI6)y) 
I.97 | 2.01 | 2.06 
2.00) 22.01 | 2.10 
2.14| 2.20] 2.2 
2.23 | 2.29); 2.34 
PGs || 2 -ohs) || Pe) 
2-4 | 2.46) 2-52 
2.49 | 2-55 | 2.61 
2.58 | 2.64] 2.70 | 
2.66 | 2.73 | 2.79 
2.74 | 2.81 | 2.88 
25534) 2G) 0 2EO7 
2.91 | 2.98 } 3.05 
2-99 | $3.00 314 
3R071 23614) a2 
3-15,| 3-23: 3-30 
3-23 3.30 3.38 
3-30 | 3-38 3.47 
3-381 3.46 3.55 
13-45 3-53 3.62 
| 3:53 | 3-61 /3.72 
| | 
3.601 3.69 , 3-78 
3-67 3.76 3.85 
3-74 | 3-83 | 3-93 
3-81 | 3.91 | 4.00 
3-88. 3.97 4-07 
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ABU: XX. 

FACTORS FOR REDUCTION OF TRANSIT OBSERVATIONS. 
T7e WMygtieee Te 1 782" 78h | 78k") | 79° 79k? | 7ok2 | -799°"|| 80° ¢ | 
3-32 | 3-39 | 3.46 | 3.53 | 3.61 | 3.69 | 3.77 | 3.86 | 3.95 | 4.04 | 4.14 | 44° 
| 3-38 | 3-45 | 3-52 | 3.59 | 3.67 | 3.75 | 3.83 | 3.92 | d.or | 4.11 | 4.21 | 43 
| 3-43 | 3-50 | 3-57 | 3-65 | 3.73 | 3.81 | 3.89 | 3.98 |} 4.08 | 4.18 | 4.28] 42 
| 3-49 | 3.56 | 3.63 | 3.71 | 3.79 | 3-87 | 3.96 | 4.05 | 4.14 | 4.24 | 4.35] qr 
3-54 | 3-61 3.68 | 3.76 | 3.84 | 3.93 | 4.02 | 4.11 | 4.20] 4.30] 4.41 | 40 
| 3.59 | 3.66 | 3.74 | 3-82 | 3.90 | 3.98 | 4.07 | 4.17 | 4.26 | 4.37 | 4.48 | 39 
| 3-64 | 3.71 | 3-79 | 3 87 | 3-95 | 4.04 | 4.13 | 4.22 | 4.32] 4.43 | 4.54] 38 | 
3-69 | 3.77 | 3-84 | 3.92 | 4.01 | 4.09 | 4.19 | 4.28 | 4.38 | 4.49 | 4.60 37 | 
| 3-74 | 3.81 | 3.89 | 3.97 | 4.06; 4.15 | 4.24 | 4.34 | 4.44 | 4.55 | 4.66] 36 
| 3-78 | 3.86 3-94 | 4.02 | 4.1I | 4.20 | 4.29 | 4.39 | 4.50 | 4.60 | 4.72] 35 

| | 

56 3.83 3-91 | 3.99 | 4.07 | 4.16 | 4.25 | 4.34 | 4.44 | 4.55 | 4.66 | 4.77] 34 

57 | 3.83 3.95 4-04 4-12 | 4.21 | 4.30 | 4.39 | 4.50 | 4.60 | 4.72 | 4.83 | 33 

58 | 3-92 | 4.00} 4.08 | 4.16 | 4.25 | 4.35 | 4.44] 4.55 | 4.65 | 4.77 | 4.88 | 32 

59 | 3-96 | 4.04 | 4.12 | 4.21 | 4.30 | 4.39 | 4.49 | 4.60 | 4.70 | 4.82 | 4.94] 31 

60 4.00 4.08 | 4-17 4.25 | 4.34 | 4-44 | 4.54 | 4.64 | 4.75 | 4-87 | 4.99] 380 

61 | 4.04 | 4.12 4.21 | 4.29 | 4.39 | 4.48 | 4.58 | 4.69 | 4.80 | 4.92] 5.04 | 29 

62 (eee 4.16 | 4.25 | 4.34 | 4.43 | 4.53 | 4.63 | 4.73 | 4.85 | 4.96 | 5.08 | 28 

O38 | 4-12 4.20 | 4.29 | 4.38 | 4.47 | 4.57 | 4.67 | 4.78 | 4.89 | 5.01 | 5.13 | 27 

64 | 4-15 | 4.24 | 4.32 | 4.41 | 4.51 4.61 | 4.71 | 4.82 |. 4.93 | 5.05 | 5.18 | 26 

65 | 4-19 4.27 | 4.36 | 4-45 | 4.55 | 4.65 | 4.75 | 4.86 | 4.97 | 5.09 | 5.22] 25 
| | | 

66 [, 4-22 | 4.31 4.40 | 4.49 | 4.58 | 4.68 | 4.79 | 4.90 | 5.01 | 5.14] 5.26] 24 

67 | 4.26 | 4.34 | 4.43 | 4.52 | 4.62 | 4.72 | 4.82 | 4.94 | 5.05 | 5.18 | 5.30] 23 

68 | 4.28) 4.37 | 4.46 | 4.55 | 4.65 | 4.75 | 4.86 | 4.97 | 5.09 | 5.21 | 5.34 | 22 

69 | 4.32 | 4.40 | 4.49 | 4.58 4.68 | 4.79 4.89 | 5.00; 5.12] 5.25] 5.38 | 21 

WO.) 4.94 | #43 14.52 | 4.605 | 4.71 4.82 | 4.93 | 5.04 | 5.10 |'5,28 | 5.44 | 20 

7U | 4-37 | 4.46 | 4.55 | 4.64 | 4.74 | 4.85 | 4.96 | 5.07 | 5.19 | 5.32] 5.45] 19 

72 4.39 | 4-48 | 4.57 | 4.67 | 4.77 | 4-88 | 4.98 | 5.10 | 5.22 | 5.34 | 5.48] 18 

73 4 2| 4.51 | 4.60 4.70 | 4.80 | 4.90 | 5.01 | 5.13 | 5.25 | 5.37 | 5.51 | 17 

74 | 4-44 | 4.53 | 4.62 | 4.72 | 4.82 | 4.93 | 5.04 | 5.15 | 5.27] 5.40 | 5.53] 16 

75 4.40) 4.55 | 4-65 | 4.74 bi Gee 5.06 | 5.18 | 5.30] 5.43 | 5.56] 15 

76 | 4.48 | 4.57 | 4.67 | 4.76 | 4.87 | 4.97 | 5.09 | 5.20 | 5.32 | 5-45 | 5.59] 14 

77 | 4-50 | 4.59 | 4.68 | 4.78 | 4.89 | 4.99 | 5.11 | 5.22 | 5.35] 5-47 | 5.61] 13 

78 | 4.52 | 4.61 | 4.70 | 4.80 | 4-91 | 5,01 | 5.13 | 5.24 | 5.37 | 5.50 | 5.63] 12! 

79 | 4.54 | 4.63 | 4.72 | 4.82 | 4.92 | 5.03 | §.14 | 5.26 | 5.39 | 5.52 | 5.65 | 11 

80 4.55 | 4.64 | 4.74 | 4.84 | 4.94 | 5.05 | 5.16 | 5.28 | 5.40] 5.54 | 5.67] 10 

8r | 4.56 | 4.65 | 4.75 | 4.85 | 4.95 | 5.06 | 5.18 | 5.30 | 5.42 | 5.55 | 5.69] 9 

82 | 4.57 | 4.67 | 4.76 | 4.86 | 4.97 | 5.08 | 5.19 | 5.31 | 5.43 15.56] 5.70] 8 

83 | 4.59 | 4.68 | 4.78 | 4.87 | 4.98 | 5.09 | 5.20 | 5.32) 5.45 | 5-58 | 5.72| 7 

84 | 4.60 | 4.69 | 4.79 | 4.88 | 4.99 | 5-10 | 5.21] 5.33 | 5.46 | 5-59 | 5.73 | 6 

5 | 4.60 | 4.69 | 4.79 | 4.89 | 5.00 | 5.11 | 5.22 | 5.34] 5-47 | 5-60] 5.74] 5 

86 | 4.6r | 4.70 4.80 | 4.90 | 5.00 | 5.11 | 5.23 | 5.35 | 5-47 | 5.61 | 5.74 4 

87 | 4.62 | 4.71 | 4.81 | 4.90 | 5.01 | 5.12 | 5.23 | 5-35 | 5-48 5.61 | 5.75 3 

88 | 4.62 4.71 | 4.81 | 4.91 | 5.0% | 5.12 | 5.24 | 5.36 | 5.48 | 5.61 | 5.75 2 

8q | 4.62 4.71 | 4.81 | 4.91 | 5.01 | 5.12'| 5.24 | 5.36 5-49 5.62 5.76 I 

| 90 | 4.62 | 4.71) 4.81 | 4.91 | 5.02 | 5.13 | 5.24 2,30 | 5.401} 5602 || 5701) a0 
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335. Comparison of Time.—After time has been thus 
observed the chronometers at the two stations should be 
compared by telegraph. This constitutes the automatic 
exchange of signals. The chronometer at one station being 
in circuit with the chronograph and recording upon it, that 
at the other station is switched into the telegraphic circuit, 
by which it is brought to the first station and switched 
into the local circuit there, so that the two chronometers 
register upon the same chronograph, their beats being marked 
side by side by the same pen. After this has gone on fora 
minute or more the operation is reversed, the chronometer at 
the first station is switched into the telegraphic circuit and 
made to record upon the chronograph with the chronometer 
at the second station. Of course the observers are informed 
of the hour and minute at which the joint record upon the 
several chronographs begins. 

The arbitrary exchange of signals is made as follows: Each 
chronometer recording on its own chronograph as usual, and 
each local circuit being connected with the main-line circuit 
through a relay, the observer at one station breaks the circuit 
by means of the main-line talking-key, which break is recorded 
on the chronograph sheets at both stations. The breaks are 
repeated at every two seconds for at least one full minute. 
The operation is then reversed by the observer at the second 
station, making the breaks which are recorded at both stations 
as before. The adzfferences of time between the chronometers 
at the two stations are read from the chronograph sheets at 
each station and corrected for error of ‘the chronometers. 
The results from the two chronograph sheets will differ by an 
amount equal to twice the time occupied in transmission of 
signals. The mean of the two is therefore the approximate 
difference of longitude. 

This result is yet to be corrected for personal equation, 
or the difference between the errors of observing of the two 
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Observers. Every observer has the habit of recording a 
transit a little too early or too late, the difference between two 
observets not infrequently being as great as a fourth of a 
second. To measure this difference, the observers usually 
meet, preferably at the known station, both before and after 
the campaign, and observe for time each with his own in- 
strument, or with one similar in all respects to that used in 
the campaign. A comparison of the time determinations 
made by the two observers gives an approximation to the 
personal equation. 

A better method, but one not always practicable, is for 
the observers, having completed half of the observations 
for time and longitude, to exchange stations for the re- 
mainder of the work. The mean of the results before and 
after exchange of stations will practically eliminate personal 
equation. 

There is one error incident to this work which cannot be 
eliminated. This is the unequal attraction of gravity, or 
local attraction, or, as it is sometimes called, station error. 
The neighborhood of a mountain mass will attract the plumb- 
line and deflect the spirit-level to such an extent as to cause 
serious errors in astronomical determinations of latitude and 
time. The same result is frequently produced by a difference 
in density of the underlying strata of rock, so that station 
errors of magnitude often appear where they are not expected. 
Indeed, the station error cannot be predicted with any cer- 
tainty either as to amount or even direction. 

The only practical method of even partially eliminating 
this error is. to select a number of stations for astronomic 
location, under conditions as widely diverse as possible, con- 
nect them by triangulation, and by this means reduce all these 
astronomical determinations to one point, thus obtaining for 
this point a number of astronomic determinations each hav- 
ing a different station error. The mean of these gives for 
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this point a position from which—in part, at least—station 
error has been eliminated, and this mean position can be 
transferred back by means of the triangulation to the several 
astronomic stations, thus giving each of them a position 
similarly comparatively free from station error, a position so 
determined is referred to as a geodetic position. 


CHAPTER XXXVI. 
SEXTANT AND SOLAR ATTACHMENT. 


336. Sextant.—This is a hand instrument for measuring 
the angle subtended by any two objects. The principle of the 
measurement is dependent on the fact that the angle subtended 
by the eye by lines passing to it from two distant objects may 
be measured by so arranging two glasses that one object is 
looked at directly, while the image of the other is seen as re- 
flected from the silvered or mirrored surface of one glass to 
that of the other, and from the second to the eye. The 
mirror of the first glass is then moved so that the double re- 
flected image of the second object is made to coincide with 
the object as seen directly. 

The sextant is especially useful on exploratory surveys and 
at sea because of its lightness and portability and because it 
requires no fixed support. With it can be obtained results 
of sufficient accuracy for all the purposes of navigation 
and of exploratory determination of astronomic position. 
The sextant is also extensively used in measuring the heights 
of objects from the sea or from land, and in measuring horizon- 
tal angles between two objects, especially in hydrographic 
surveying for the location of soundings. 

Sextants are of various forms, which differ according to 
the maker. Theyare sometimes made of wood mounted with 
ivory, but such materials are liable to warp. The most satis- 


factory sextant for all-round surveying is made of brass with 
777 
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a silvered arc of sufficient extent to permit of measuring 
angles up to 80°. 
The principal parts of the sextant (Fig. 183) are: 


\S 2 n\ 
I 


aN 


Fic. 183.—SEXTANT. 


1. A mirror z, called the zxdex glass, which is rigidly at- 
tached to the movable arm a, called the index arm; also 

2. A mirror f, called the horizon glass, rigidly attached to 
the frame of the instrument; and 

3..The ave on which the angles are read by means of the 
vernier at the end of the index arm. 

The planes of the two mirrors are so fixed as to be parallel, 
one to the other, when the vernier points to zero degrees. 

337. Adjustment of Sextant.—Among the more impor- 
tant adjustments of the sextant are those of— 

1. The index glass; 

. The horizon glass; 

3. The telescope; 

4. Correction for index error. 

The reflecting surface of the zzdex glass must be perpen- 
dicular to the plane of graduated arc of the instrument. To 
test it, set the index near the middle of the arc, then place the 
eye very near the index glass and plane of the instruments, 


No 
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and observe whether the reflected image of the arc forms a 
continuous or broken line with the arc as seen direct. If 
continuous, the glass is perpendicular to the plane of the in- 
strument. If the reflected image drops, the glass is leaning 
backward; if it rises, forward. The adjustment is made by 
means of a key on the back, the latter being#urned to the 
left if the image is dropping, and to the right if rising. 

The reflecting surface of the horizon glass should be 
perpendicular to the plane of the instrument. To test this, 
put in the telescope and point it towards a star, holding the 
instrument vertical, then move the instrument until the re- 
flected image is ina horizontal line with the direct image. If 
it is exactly in coincidence with the direct image, the horizon 
glass and index glass must be parallel in that position, and as 
the index glass has been adjusted perpendicularly to that 
plane, in any position. If they do not coincide, put the ad- 
justing key on the screw at the back and turn to the right to 
move the reflected image to the right, and to the left to move 
it to the left. 

To make the “ne of collimation of the telescope parallel to 
the plane of the instrument, the sextant should be rested on a 
plane surface with the telescope directed at a well-defined 
point about 25 feet distant. Two objects of equal height are 
then placed on the extremities of the arc, and these serve to 
establish a plane of sight parallel to the arc. They may be 
two small sticks of sufficient height to make the plane of 
sight of the same height above the arc as is the line of collima- 
tion of the telescope. If the line of collimation now inter- 
sects the line defined by the two pointers, the instrument is in 
adjustment. If not, the error is corrected by the screws on 
the holder of the telescope. 

Another mode of performing this adjustment is the follow- 
ing: Place a telescope which has two wires in the field of view 
that are parallel to each other and equidistant from the center 
of the field, in the telescope ring of the sextant, and turn the 
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eyepiece until the wires are parallel to the plane of the instru- 
ment. Measure the angular distance between the two objects 
which are apart as far, say, as 60 degrees or more; when the 
reflected and direct images are in contact on one wire, clamp. 
the index firmly and make a precise contact by using the tan- 
gent screw; now move the instrument so as to bring the ob- 
ject on the other wire; if they remain in exact contact, the 
telescope is parallel to the plane of the instrument. If not, . 
it may be adjusted by altering the screws in the ring so as to 
change the angle of the collar which holds the telescope. 

To correct the index error sight at some well-defined ob- 
ject, as a star, and move the index arm until the direct and 
reflected images coincide, when the vernier should read zero. 
If not, the difference may be recorded as an index error or be 
corrected by adjustment. 

338. Using the Sextant.—In measuring any angle with 
the sextant it is held in one hand in the plane of the two ob- 
jects. The telescope is then directed towards the fainter 
object by looking through the unsilvered portion of the 
horizon glass. With the other hand the index arm is then 
moved until the second object as seen by double reflection is 
brought in exact coincidence with that seen directly. 

If it is desired to read the horizontal angle between two 
objects which are at different elevations, some object, asa 
tree, building, or a plumb hung in line with one of them, must 
be found which is directly above or below it. The angle is 
then measured from this to the other object by holding the 
sextant horizontally in its plane. If no suitable object can 
be seen, some point about 60 degrees from one of the ob- 
jects may be selected and angles be read between each object 
and that point. The difference between these two angles 
will be approximately the horizontal angle. 

If it is desired to measure an angle between two objects 
which are very near together, the angle between each and a 
third object may be measured and the difference taken. 
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Should the angle to be read be too large to come within the 
range of one measurement of the arc, the sum of the angles 
between each object and an intermediate object may be 
measured. 

To measure vertical angles for determination of altitudes 
or for ascertaining heights of celestial bodies, the horizon is 
used as a reference point. At sea this is done by sighting 
the true horizon while on land an artificial horizon must be 
employed. The latter consists of a small bath of mercury 
protected from the wind by a glass cover. The observer stands 
or kneels near this reflecting surface of mercury and looks 
directly on the object the height of which is to be measured, 
and also at the reflection of this object in the mercury bath, 
and the contact is made between these two. The angle meas- 
ured from the reflecting surface is necessarily twice the an- 
gular elevation of the object observed above the true horizon. 

339. Solar Attachment.—The object of this instrument, 
which may be attached either to a compass or a transit, is 
the determining of the meridian, latitude, and time by ob- 
servation on the sun. It is extensively used in the sub- 
division of the public lands in the West. In the past the 
solar compass was mostly employed, but now little work is 
done with a compass, all meridians being run with the 
engineer's transit by projecting from Polaris observations for 
azimuth, or with the solar attachment. 

This instrument was originally invented by Wm. A. Burt 
of Michigan, but at present there are several modifications of 
the original Burt attachment made by various manufacturers. 
There are, however, but two forms in popular use by sur- 
veyors; these are the Burt Solar Attachment, as modified by 
Messrs. W. and L. E. Gurley, and the Smith Meridian At- 
tachment, made by Messrs. Young and Sons. The adjust- 
ment and use of these is described in the following Articles. 

340. Burt Solar Attachment.—This consists essentially 
of an axis which is parallel to the earth’s axis, and a line of 
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sight or pointer which is set at an angle to the instrumental 
polar axis equal to the declination of the sun for the time of 
observation. The polar axis is placed at right angles to the 
tube of the telescope by attaching it to the telescope tube by 
adjusting-screws. In a plane right-angled to the polar axis 
is a small circle, graduated on its outer edge into fractional 
24 hours and called the equatorial or hour circle. Attached 
to the polar axis, and swinging about it with its lower side 
parallel to the plane of the hour axis, is an arm carrying a 
small arc with vernier attachment, called the declination arc. 

The polar axis is attached to the telescope by a small 
circular disk of an inch and a half diameter, and on this as a 
pivot rests the enlarged base of the axis surrounded by the 
hour circle, the disk being attached to the base of the pivot 
of the polar axis by four capstan-headed screws which serve 
to adjust the polar axis. The hour circle can be fastened at 
any point desired by two flat-headed screws on its upper side, 
and the hours marked upon it are divided into 5 minutes of 
time, which are read by a small index fixed to the declination 
circle and moving with it. The declination arc is of about 5 
inches radius, divided into 30 degrees, reading by the vernier 
to single minutes. It is attached to the polar axis by a 
hollow cone or socket moving snugly upon it by a milled-head 
screw on top, and to this is securely fastened the declination 
arc by two large screws. The declination arc has two lenses 
and two silver plates on which equatorial and hour angles are 
ruled by parallel lines at right angles on two opposite ends 
of the radial arms of the sector; it has also a clamp and tangent 
movement, and the declination arc may be turned on its 
axis and one or the other of the solar lenses used, according 
as the sun is north or south of the equator. 

341. Adjustment of Burt Solar Attachment.—The ad- 
justments of a solar are simple. These are first to make the 
lines of collimation parallel to each other and at right angles 
to the polar axis, when the declination arc reads zero; and 
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second, to make the polar axis perpendicular to the telescope. 
In addition, the ordinary adjustments of the telescopic alidade 
must be made. 

The Lines of collimation are made parallel by making each 
line parallel to the edges of the blocks containing them. This 
is done by removing the declination bar or bar carrying the 
lines of collimation, which is done by removing the clamp and 
tangent screws and the conical center with the small screws 
by which the arm is attached to the arc. Then a bar which 
is furnished with each instrument, called the adjusting-bar, is 
substituted for the declination arm; and the conical center bar 
screwed into its place at one end and the clamp-screw into 
the other are inserted in the hole left by the removal of the 
tangent screw. The arm is then turned so as to bring the 
sun into one line of collimation, and then the bar is quickly 
revolved or turned over, but not end for end. If the image 
still falls in the square, the line of collimation is parallel to the 
two edges of the blocks. If not, the silver disk must be 
moved through half the apparent error of the sun’s image, and 
the same operation repeated. Then the bar must be reversed 
end for end bythe opposite faces of the blocks upon it, and 
the other line of collimation adjusted until the image will re- 
main in the center of the equatorial lines. 

To adjust the polar axis the instrument is first carefully 
leveled, the tangent movement of the vertical arc of the telc- 
scope being used in connection with the leveling-screws of the 
striding-level of the alidade. Then the equatorial centers on 
top of the blocks are placed as closely together as practicable 
with obtaining a distinct view of a distant object. Having 
previously set the declination arm at zero, sight through the 
interval of the equatorial centers and blocks at some distant 
object, the declination arm being placed over either pair of 
capstan-headed screws on the under side of the disk; now the 
instrument is turned on its axis and the same object sighted, 
while the declination arm is at the same time kept with one 
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hand upon the object originally sighted. If the sight line 
strikes either above or below, the instrument must be relev- 
eled by the two capstan-headed screws under the arm by such 
an amount as will eliminate half the error, and the operation 
again repeated until the sight strikes both objects in the same 
position of the instrument. The instrument may now be 
turned at right angles, keeping the sights still upon the same 
object as before, and if it does not strike the same point when 
sighted, the axis is not truly vertical in the second position 
of the instrument, and the correction must be made by the 
capstan-headed screws under the declination arc by means of 
reversing it as before. 

To adjust the hour arc, which should read apparent time 
when the tmstrumen is set in the meridian, loosen the two flat- 
headed screws on top of the hour circle and with the hand 
turn the circle around until the index of the hour arc reads 
apparent time, when the screws may be fastened. 

342. Smith Meridian Attachment.—As this is a telescopic 
solar and thus permits of clearer definition of the sun and 
hence better work, it is preferred by many surveyors. This 
attachment is placed on the left side of the transit and is 
attached to the standard with a light plate by small butting- 
screws. A counterpoise is placed on the corresponding right 
side, and both can be easily removed when not in use. The 
solar telescope, C (Fig. 185), revolves in collars, and its line 
of collimation and axis of revolution coincide with the polar 
axis, PP. These collars are attached to the /atitude arc, /, 
which has a horizontal axis, the whole being mounted on a 
frame which is attached to the transit standards, f, 7’. On 
the side of the telescope is fixed the declination arc, da, the 
vernier of which is attached to an arm, ¢, which turns on its 
axis a reflector, c, placed before the object-glass of the tele- 
scope. Both the latitude and declination arcs have tangent 
screws to impart slow motion. The arm holding the declina- 
tion vernier when placed at zero, is so arranged that the plane 
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of the reflector makes an angle of 45° with the axis of the 


telescope. If the telescope is revolved on its polar axis, the 
reflected line of collimation will describe the celestial equator, 


thus by setting off any given declination north or south the 
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image of the sun may be kept in the field of view from its 
rising to its setting by revolving the telescope. The hour 
arc, h, is attached to the telescope and revolves at right angles 
with the polar axis. 

343. Adjustment of Smith Meridian Attachment.— 
These adjustments are made in the following manner and 
order, as arranged by Mr. Hargreaves Kippax: 


1. The adjustment of the line of collimation of the solar 


telescope is made first. It differs in no respect from the like 


vs 
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adjustment in a Y level, and consists in rotating the telescope 
in its collars until the intersection of the center cross-hairs 
remains on a selected object or point throughout the possible 
extent of the rotation. In preparing for this adjustment, the 
apparatus may be revolved bodily on the axis of the latitude 
arc until the solar telescope becomes nearly level or assumes 
such other position as will conveniently observe the selected 
object or point. That sufficient light may be had, the re- 
flector should be placed edgewise; this can be conveniently 
done by removing the lug by which the vernier tangent-block 
is attached to the declination-arm. The tangent-block and 
the attached vernier-arm can then be swung so that the re- 
flector shall be edgewise, and it may be retained in that 
position by a rubber band or other device. Should this ex- 
pedient not give sufficient light, it will be necessary to remove 
the reflector and its attachments, not by removing the ring to 
which the bearings of the reflector are attached, but by care- 
fully removing the four screws which secure the two caps 
over the journals of the reflector-block. When replacing these 
caps, be careful not to screw them down so tightly as to cause 
too much friction on the journals, else there may be danger 
of disturbing the position of the vernier-arm which is attached 
to the block by a small plug-screw, thus creating an index 
error unawares. It is well to have the object or point used 
in the adjustment of collimation somewhat remote, to avoid 
subsequent error through focusing on the sun. 

2. Having adjusted the collimation, it is convenient to see 
if the solar telescope travels in vertical plane. This can be 
best done while the reflector is removed. Carefully adjust 
the plate-levels of the instrument before attempting this 
adjustment. The angle of a building known to be vertical 
may be used, or, better still, an elevated object and its réflec- 
tion from an artificial horizon of mercury or other suitable 
fluid. It will be found convenient to remove the latitude 
clamp and tangent during this adjustment which is made by 
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the four pairs of screws which attach the frame-plate to the 
standard. See test and adjustment 4, below. 

3. The next adjustment is to determine whether the /:ve 
of collimation of the solar telescope ts perpendicular tothe axis 
of the latitude arc upon which the solar telescope revolves in 
altitude. This adjustment is supposed to be made perma- 
nently by the maker; the surveyor should not disturb it 
unless certain that a change is needed. Once perfected, the 
adjustment will seldom need attention. , 

4. To test the parallelism of the two telescopes, carefully 
adjust the transit telescope for collimation and elevate or 
depress it before making this test. A target may be used 
upon which two points are placed at a distance equal to the 
eccentricity of the solar telescope. By training the transit 
telescope on one point and the solar telescope on the other, 
the parallelism of the two lines of sight can be assured. 
A center mark may be placed on the first target, and the 
use of the second target be thus avoided. The adjustment 
is made by the four pairs of binding and butting screws by 
which the frame carrying the solar apparatus is attached 
to the standard of the transit. This adjustment may dis- 
arrange the second adjustment which has to be made by 
the same screws, and it may be found necessary to carry 
on both at the same time. After being satisfied of the 
preceding adjustments, the portions detached can then be 
replaced and attention given to the index errors of the lati- 
tude and declination arcs. 

5. Lo adjust index error of latitude arc, set at zero, clamp 
and place striding-level on telescope. Level with tangent 
screw. Reverse the level, and if the bubble returns to first 
position, the axis may be considered horizontal. If any de- 
viation is noticed, move the bubble half the distance by the 
tangent screw. Reverse the level, and if the bubble takes 
a like position in the opposite direction, the adjustment is 
accomplished, 
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6. To adjust index error of declination arc, set off the lati- 
tude and observe the sun on the meridian by bringing its 
image exactly between the horizontal lines or equatorial 
wires. If any difference is noted between the observed and 
calculated declinations after correcting for refraction, move 
the arc by loosening the three screws on top of it until the 
difference is eliminated. Never attempt to remove the dec- 
lination index error by manipulating the small plug-screw 
which attaches the vernier-arm to the reflector. 

7. After adjusting as above, and making a careful ob- 
servation, it will usually happen that the ¢ranstt telescope wll 
still devzate one or two minutes from the meridian. If, on 
test, this appears to be a constant error, and you are satisfied 
with your former adjustments, the small deviation may be 
considered as the resultant of several residual undiscovered 
errors, and may be removed in the following manner. Ob- 
serve with the solar at 9 A.M. , Turn transit telescope south, 
and note the error east or west of the meridian. Place transit 
telescope on the meridian with tangent screw. By means of 
the small butting-screws attaching ‘the plate to the standard. 
move the south end of the plate east or west, as was the 
error, until the image is precisely between the wires. Verify 
the adjustment by an observation at 3 P.M. 

8. To adjust equatorial wires, rotate the diaphram carry- 
ing the cross-wires by loosening the screws until the image 
follows the equatorial wires precisely. 

344. Determination of Azimuth and Latitude with Solar 
Attachment.—The declination of the sun is given in the 
American Ephemeris or Nautical Almanac and is calculated 
for apparent noon at Greenwich. It can also be determined 
from tables sold by makers of solar attachments. To deter- 
mine the declination for any other hour at a place in the 
United States, reference must be had to differences of time 
arising from longitude and the change of declination from 
day to day. The longitude of a place and therefore its 
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difference in time may be obtained merely from platting on 
a good map, or from a watch which is kept adjusted within a 
few minutes. The best time at which to use the solar attach- 
ment for the determining of a meridian is not at noon, when 
the sun is passing the meridian, nor early or late in the day, 
when refraction is greatest, but between 8 and 11 o'clock in 
the morning and 1.30 and § o'clock in the afternoon. - 

The use of the solar attachment can best be explained by 
reference to an example. The following were prepared by 
Mr. A. F. Dunnington of the U. S. Geological Survey, from 
his field-notes: 

EXAMPLE FOR MERIDIAN.—Set the instrument over the 
corner of sections 7, 8, 17, and 18, T. 2 N:, R. 5 E., of the 
Black Hills meridian, South Dakota. Level the transit and 
point the telescope approximately north with the aid of the 
magnetic needle. Knowing the latitude of the place, set the 
same off on the latitude arc. Having computed the declina- 
tion for the day and hour corrected for refraction, taken from 
the pocket Ephemeris, set it off on the declination arc. Place 
index at approximate local mean time on hour circle. Look 
into the solar telescope and the sun’s image should be seen in 
the field of view, but not between the equatorial wires. Now 
move the telescope of the transit into the meridian, and if the 
horizontal plates have been set at zero, any angle can be set 
off from the meridian and the course run. 

Record.—Aug. 4, 1898. Long. 103° 45’. At 7h. oom. 
AB, J, m. t., L set off 17 11 No the decl, arc, sap eons 
on the lat. arc, and determined a true meridian with the solar 
at te-cor, of S€cS.°7, ©, 17, and 16, Ls 2°N7, i, 1s. mOl mie 
Black Hills meridian, South Dakota. 

EXAMPLE FOR LATITUDE.—Some minutes before noon 
place instrument in position and level as before. Loosen 
clamp screw to the horizontal plate of the transit. Set off 
the computed declination for 12 M. corrected for refraction, 
and revolve the solar telescope in its collars until the index 
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coincides with XII hours, making sure that this last setting is 
not disturbed. With the azimuth tangent screw of the transit 
bring the image in the field of view, and with the slow-motion 
screw of the latitude arc bring the image between the equato- 
rial lines. As the image leaves the wires repeat this opera- 
tion until the image appears to remain stationary for a few 
moments before leaving the wires in an opposite direction. 
At this moment the sun has reached its highest point, and 
the latitude of the place is read direct from its arc with the 
Smith meridian attachment, and the colatitude with the Burt 
attachment. 

Record.—Aug. 31, 1897. Long. 103° 45’. At the cor. 
OpeSeCoal Ul ao, 7and, 249 12) Nap iky3) Bi, off the «Black 
Hills meridian, South Dakota, I set off 8° 22’ N. on the 
decl. are; and’ at 0 h: ©.10 m. P.M., 1. m. t.; observe the sun 
on the meridian; the resulting latitude is 44° 023’ N., which 
is about 0’.21 less than the proper latitude. 

345. Solar Attachment to Telescopic Alidade.—As an 
instrument for use in topographic surveys the solar attachment 
has some advantages, especially in heavily timbered country, 
or where the magnetic declination is variable, as an aid to 
the rapid location of points in connection with the plane-table. 
Such locations are of necessity not of sufficient accuracy to 
permit of their being used in further extension of triangula- 
tion, but they are of sufficient accuracy ordinarily to permit 
of their being employed as tertiary control, either for the 
adjustment of traverses or the sketching-in of topographic 
details. 

The mode of using the solar attachment to the telescopic 
alidade with this object is chiefly as a means of ortenting 
the plane-table or placing it in true meridian when but one or 
two located points are visible; in other words, without the 
solar attachment a station to which sights have not yet been 
taken can be located only by means of the three-point prob- 
lem (Art. 75) or reduction from three known stations. 
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With the aid of the solar attachment a resection location 
can be accurately made under most circumstances when two 
points only are in view. The method of procedure is as 
follows, and is rather similar to that employed in traversing 


with a plane-table when a magnetic needle is used for orienta- 


tion: Having set up the plane-table at the point the position 
of which is desired, the telescopic alidade is placed on the 


board with its fiducial edge parallel to a true north and south | 


line which is ruled somewhere on the paper, and after the solar 
observation has been made the board is swung into true 
meridian and clamped. Now swing the far end of the alidade 
about the positions of first one and then the other of the two 
known points, and drawing lines along the edge of the ruler, 
the intersection of these lines is the position of the point 
occupied, and this position is made more than an approxima- 
tion by the third check secured by an intersection with a true 
meridian line obtained by the aid of the solar attachment. 

The unknown factor is the direction of the meridian. The 
latitude of the point may be determined by observation, as with 
the solar transit, but in the case of plane-table triangulation 
conducted on small scales and based on primary triangulation 
the latitude can be platted from the plane-table sheet with 
sufficient accuracy. This is then set off on the larger vertical 
arc of the telescopic alidade as a colatitude, so that the polar 
axis when in meridian may point to the pole. On the declina- 
tion arc is set off the declination for the time of the observa- 
tion. Now, with the plane-table leveled so that revolutions 
about its vertical axis may be in azimuth only, the board is 
revolved horizontally and with the line of sight about the polar 
axis until the image of the sun is brought between the equa- 
torial lines. Then the polar axis and the telescope will lie in 
meridian, and the instrument may be clamped and the meridian 
line ruled upon the board. 


SSAVA 


EEO a Re ee 


CHAPTER XXXVII. 
PHOTOGRAPHIC LONGITUDES. 


346. Field-work of Observing Photographic Longi- 
tude.—A photographic camera of particularly stable and rigid 
form is set up, so that the image of the moon is about in the 
‘center of the plate, and a serzes of instantaneous exposures are 
made, allowing such an interval between the exposures that 


the moon’s images on the plate will not overlap; i.e., from 
I} to 2 minutes, according to the moon’s age. After a set 
of, say, seven moon exposures the camera is left untouched 
until bright stars of approximately the same declination as 
the moon have arrived at the same point in the heavens. 
The camera is then opened for periods of 15 to 30 seconds, 
and the stars allowed to impress their trails on the plate. 
These star exposures should be repeated four or five times. 

It is obvious that if the local time. of each moon and star 
exposure be known, such plate will give a// data necessary to 
compute the moon’s position either in right ascension, declina- 
tion, azimuth, or lunar distance. 

In placing the sensitive plate mm the slide, care must be 
taken that the pointed screws against which it rests are only 
allowed to puncture and not to scratch the gelatine film, 
otherwise the exact position of the plate will be uncertain. 
‘The camera should be set up so that the moon will, as nearly 
as can be judged, cross the center of the field in about seven 
‘or eight minutes, so that the resulting photograph will show 
its seven images distributed on each side of the center. As it 


is difficult to insure this, it is a good plan to make a larger 
793 
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number of moon exposures, that the measurer may select those 
most centrally situated. : 

If the star exposures have been made first, it may be found 
that the moon does not cross the field near the center. In 
this case it will be necessary, after all the exposures have been 
completed, to move the camera, so that the moon is in the 
center, and take two or three additional exposures. These 
are only for the purpose of measuring the radius of the moon’s 
image on the plate. 

The moon exposures should be instantaneous. In making 
star exposures it is desirable to take two sets of stars in order 
to get trails both north and south of the moon. The essen- 
tial conditions are that the local time of each star and moon 
exposure should be known and that there should be a series 
of trails of at least two stars on the plate. To prevent possi- 
ble confusion it is advisable to make some small difference in 
the two sets of exposures by putting in one or two indicating 
exposures of twice the length of the others. 

The proper time for the commencement of the star ex- 
posures should be determined by calculation, not by looking 
through the sighting arrangement. After the camera has 
been clamped ready for the first exposure it should not be 
approached to a nearer distance than 3 or 4 feet until all the ~ 
exposures are complete. The minimum magnitude of star 
that can be used with a clear sky is about a third-magnitude 
star. 

The following details of the process and the appended 
example have been worked out by Mr. Wm. J. Peters of the 
U.S. Geological Survey in connection with Capt.E.H. Hills’s, 
(R.E.) published description of his experiments. 

347- The Camera and its Adjustments.—The camera 
should be moderately heavy for good work, but may be 
lighter for approximate or exploratory work. Other things 
being equal, the longer the focal length the larger the scale of 
the photograph, and hence the more accurate the measure- 
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ments. The means of transport available will probably be 
the guiding factor. The camera must be capable of being 
readily turned to any portion of the sky and of being firmly 
clamped in position. It is therefore best to use a photo-sur- 
veying camera or theodolite (Art. 125) or to mount the body 
between a pair of wyes with clamping arrangement in altitude, 
the wyes being on a base plate which can be rotated so that 
the whole instrument can be rotated. 

Provided the mounting be strong and stable, it can be of 
the roughest character, ‘as it is not necessary to know any- 
thing whatever about the position of the camera at the mo- 
ment of exposure. The one essential is that the instrument 
shall not move during the whole time of exposure, often of sev- 
eral hours’ duration. The stand should be low, a height of 20 
inches to the base plate being ample. A tripod is probably 
best, provided it be firmly braced. The ends of the legs 
which rest on the ground should be flat, not pointed. The 
legs should be of well-seasoned wood, this being more con- 
stant under changes of temperature than metal. 

In designing the Jody of the camera two points must be 
borne in mind: first, that the focus, when once found, shal] 
not require any alteration to compensate for change of tem- 
perature; and secondly, that the center of the plate, i.e., 
the point where the axis of lens and camera cuts it, shall not 
shift. These conditions are perfectly fulfilled by making the 
body of stout brass tubing, which will expand or contract 
symmetrically, and the plate will therefore maintain the same 
position with reference to the axis of the instrument. 

It may be observed that it is of no importance to know 
the actual focal length of the /eus, the quantity not being 
required in the formulas of reduction. Some form of finder, 
as a pin-hole and sight-vane, must be provided to enable the 
observer to direct the camera so that the center of the field 
falls at any desired point in the sky. The exposing arrange- 
ment that seems preferable is a simple flap shutter, actuated 
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by a pneumatic ball, with sufficient length of tubing to allow 
the observer to keep at a distance of about four feet from 
the camera, and thus to enable it to maintain the high degree 
of stability essential to success. The slight shock of the 
opening of the light flap or blind does not move a heavy 
camera to any measurable extent. 

The plate-holder should be of metal, and must be provided 
with some means by which the position of the sensitive plate 
in the slide can be readily determined, and with an adjust- 
ment which will cause the plate to fake up a position truly 
perpendicular to the optical axis. This is completely effected 
by making the plate rest against three sharp-pointed screws, 
which puncture the gelatine film and give three points from 
which the position of the plate can be exactly determined; 
the necessary adjustment being made by moving the screws 
in or out. f 

The dens employed must be one giving an absence of op- 
tical distortion over a large field, and must, therefore, be of 
the doublet form. A good lens of this class would show no 
appreciable distortion up toa distance of 7° from the center of 
the plate, which field is amply large for the purpose. 

The following definitions will aid in an understanding of , 
the adjustments of the camera: 

1. The optical center of the plate is the point where the 
axis of the lens cuts it. 

2. The geometrical center of the plate is the foot of the 
perpendicular from the center of the lens to the plate. 

The adjustments required are: 

Ia Hocus; 

2. Finding the geometrical center of the plate; and 

3. Bringing the geometrical and optical centers into coin- 
cidence. 

Of these 1 and 2 are accomplished in one operation, 
as follows: The camera is placed in a vertical position, lens 
downwards, over a mercury bath. The plate-holder is in- 
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serted and a piece of plate glass is placed, resting on three 
pivoted screws, in the position that a sensitive plate would 
occupy. The camera is then moved until the top surface, 
and therefore the bottom surface, of this glass plate is truly 
level. A mark is made at the middle of the lower surface of 
the plate, and by examining with an eyepiece the reflected 
image of this mark can be seen somewhere about the same 
position asthe mark itself. | The lens is moved in or out until 
the image is brought to a focus in the same plane as the ob- 
ject, aud the glass plate or mark on it is moved until image 
and object coincide. The mark is then at the geometrical 
center of the plate and at the true focus of the lens. The 
center thus formed must coincide with the optical center, i.ec., 
must lie over the axis of the lens. Should this be found not 
to be the case, the screws in the plate-holder must be altered 
until geometrical and optical centers coincide. A small error 
in this point will produce a quite appreciable error in the 
results, but should it be desired to test it there are well-known 
methods available which it is not necessary to describe here. 
It will, therefore, suffice if the geometrical center of_the plate 
is brought to the axis of the camera. The points where the 
glass plate rests on the three screws, when adjustment is com- 
plete, are marked on the glass, and the latter then forms a 
gauge from which the center of any plate can be marked on it 
after exposure and development. It is obvious that this ad- 
justment is not one that is likely to be disturbed, and need, 
therefore, only be repeated at rare intervals. 

348. Measurement of the Plate.—The measurements 
must be made with a micrometer, but it is not necessary to 
enter into a discussion of all the details of making such meas- 
urement of a photographic plate. The quantities to be meas- 
ured are the coordinates of each moon image and star trail 
from any two axes on the plate, expressed in any scale. The 
axes need not be mutually perpendicular, but they must be 
straight. A réseau may be used, this being a plate coated 
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with an opaque substance and ruled with two sets of fine 
transparent lines at intervals of 2 or 5 millimeters. It is 
placed in contact with the photographic plate previous to 
development, and, in that position, exposed to the light. 
The lines are, therefore, impressed on the plate and the 
réseau is developed together with the stars. The method is 
undoubtedly a very accurate one, but is not perhaps advisable, 
as adding another operation to be performed in the field. 
An alternative method is to use a positive réseau, 1.e., black 
lines on a transparent ground, and to clamp the star plate 
and réseau plate, film to film, for measurement. A simple 
method, and one susceptible of quite sufficient accuracy, is to 
rule two axes on the gelatine film with a fine needle. This 
has the advantage, in common with the first method, that 
the plate can be readily remeasured at any future time. 

The measurement of the coordinates of the star trails and 
moon’s bright limb call for no special remark; the only diffi- 
culty met with is when attempt is made to measure the moon’s 
radius in order to deduce the coordinate of the center. This 
is a point which has given a considerable amount of trouble, 
and calls for a somewhat detailed notice. The moon’s image 
on the plate is, in general, not circular, but is subject to two 
distortions, the first due to the difference of refraction on the 
upper and lower limbs, and the second due to the photo- 
graphic projection, the cone of rays from the moon through 
the center of the lens being cut obliquely by the plate. The 
moon image on the plate is therefore elliptical or very 
nearly so. 

The first distortion will vanish,when the moon is at a 
sufficient altitude, and the second when the image is near the 
center of the plate. In this work a negligible error may be 
provisionally defined as a quantity less than one second of an 
arc. In this case the quantity sought is the radius of the 
image of the moon, and therefore a distortion up to 2” in 
the diameter may occur, which means that the moon’s alti- 
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tude atthe time of exposure must be at least 30°, and the 
distance of the image from the center of the plate must not 
exceed «2°. 

It is no doubt theoretically possible to devise a method 
for determining the position of the center of the moon’s image 
from measurements to the limb on the supposition that the 
latter is an ellipse. Practically this has not been found a 
success, nor is it necessary, providing one or two of the 
images are within the requisite 2° of the center, when they 
can be treated as circular and their radii easily measured. In 
the case of the other moon, more remote from the center of 
the plate, the distance from limb to center of image can be 
determined by a simple calculation. It is therefore required 
to have on the plate at least one moon image within 2° of the 
center. The observer will find no difficulty in fulfilling this 
condition, which, while greatly facilitating the measurement 
of the plate, is not absolutely essential to it. 

The problem of determining the radius of a central image 
is a comparatively simple one, and reduces itself to the ques- 
tion of finding the radius of a circle when a portion of the 
arc is given. It may at first sight be thought that, if the 
moon be more than half full, the diameter might be measured 
directly; but this is by no means the case, as will be apparent 
upon consideration. Except the moon be absolutely full the 
bright line will cover only a semicircle, and therefore, unless 
the measurement be made exactly on the line joining the ends 
of the terminator, it will be erroneous. This line is quite 
impossible to select with any precision on the plate, especially 
if the moon be nearly full. 

One successful method is to rule a line across the image 
and measure the sine and versine. This is not very accurate 
for this reason: The cord cuts the limb obliquely, and conse- 
quently, in measuring its length in the micrometer, the cross- 
wire cuts the limb, while in measuring the versine the cross- 
wire is brought up, touching the limb. The edge of the image 
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is not absolutely sharp, and the two measurements are not 
strictly comparable. 

A much superior method, in which all the contacts are 
symmetrical, is as follows : The microscope is fitted with two. 
pairs of cross-wires inclined to each other at 
45°. The line of motion of the micrometer 
being along the wire OB, the moon image is 
made to touch OD and OC; the screw is then 
turned until &F touches the limb, and the 

OP 
(oe 


It is to be noticed that the measurement of the radius is. 


length OP is thus measured. The radius = 


not necessarily an absolute one. Thus the observer may 
habitually make the wire encroach too much on the limb, and’ 
so measure the radius too small. This error, however, com- 
pletely disappears, since he will measure the distance from 
the coordinate axis to the limb with the same bias. Hence the 
coordinate of the limb will be increased exactly the same 
amount as the apparent radius is decreased, and the deduced 
coordinate of the center will not be affected. It is therefore 
important not only that the same observer should make both 
sets of measurements, which may be regarded as absolutely 
essential, but also that he should make them at the same time 
and under the same conditions of lighting. 

The two coordinate axes on the plate should be ruled 
approximately parallel and perpendicular to the meridian 
through the center. If, for.the final result, the moon’s right 
ascension is to be computed, which seems to be the preferable 
method, it will be readily seen that much greater weight 
attaches to the coordinates perpendicular to the meridian than 
to those parallel to it. It is consequently desirable to make 
at least twice as many readings on the one set as on the 
other. The actual number of readings taken must be left to 
the taste of the individual observer; but for those who have 
no particular bias it is suggested that four readings of one 
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coordinate, eight of the other, and twenty-four for the radius 
of the image form a good working set. A plate with twelve 
star trails and seven moons can be measured thus in about 
four hours. 

349. Computation of the Plate.—The time of each ex- 
posure and the measured coordinates of moon and star images 
and of the center of the plate are all the data necessary for 
determining the position of the moon. The result can be 
expressed in any form, as right ascension, azimuth, or lunar 
distance, and the strictly correct course would therefore be to. 
select whichever of these be changing most rapidly at the 
time, and reduce the result to that form. 

It may, however, be remarked: First, with regard to decli- 
nation, that the rate of change of this quantity is so variable, 
and will so often be too small to be of any value, that the 
extra labor spent in computing it will rarely be repaid. Sec- 
ondly, with regard to lunar distances, that this would only be 
applicable to certain stars; and in the case of a star near the 
same parallel of declination as the moon, the rate of change 
of the lunar distance is practically identical with the rate of 
change of the moon’s right ascension. If, therefore, right 
ascension be computed, then, to all intents and purposes, the 
lunar distance is also computed, and to give separate attention 
to the latter would be a waste of time. The best method to 
adopt as the standard one is the computation of the moon’s 
right ascension, which quantity is always changing at a practi- 
cally uniform rate, thus securing the same measure of precision 
in the results, whatever be the moon’s position. 

There is, in certain cases, some advantage in taking the 
computation of the moon’s azimuth, in that it disseminates 
one source of error, as will be seen later when the errors of 
the method are dealt with. The computation is, however, 
more laborious, and it seems doubtful whether it be in any 
case worth the additional labor. The only occasion where it 
would be at all desirable is when the moon is at a considerable 
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distance from the meridian, and the observer is not near the 

equator. 

A,, P. =apparent right ascension (R. A.) and north-polar dis- 
tanceQN <P; D;)yof center of splate; 

a, ?, = apparent right ascension and north-polar distance of 
known star; 

a’, p’ = apparent right ascension and north-polar distance of 
unknown star or moon; 

a, p =true apparent right ascension and north-polar dis- 
tance of unknown star or moon; 

x, y = measured coordinates of star or moon; 

&, 7 =standard coordinates of star or moon (i.e., rectan- 
gular coordinates on a plane tangent to celestial 
spheres at AP perpendicular and parallel to the 
meridian through the center, expressed in parts of 
the radius) ; 

a. b, ¢, ad; e, f = plateconstants ; 
6 = sidereal time (arc); 
¢ = hour-angle; 
6 = moon’s declination ; 
ma = moon’s horizontal parallax; 
p =earth’s radius; 

@’ = reduced latitude; 

9) J = auxiliary angles. ) 

To compute the moon’s right ascension from the plate the 
following is the procedure: 

(1) Assume any epoch for the plate, conveniently the 
sidereal time 7 of the first moon exposure. 

(2) The center of each star trail exposed at a sidereal time 
Sis to be regarded as an imaginary star whose north-polar 
distance equals that of the star, and whose right ascension 
= Rw Ai of star (7 —'S). 

(3) Compute true L. S. T. of epoch (in arc). 

(4) Estimate by any approximate method 4 and P, the 
R. A. and N. P. D. of the center of the plate. 
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(5) Select three star trails, of which not more than two 
‘can be of the same star, and compute their &, » by formulas: 


tan (a, — A) sin g, , 


a= y 
amine (168) 
7m = tan (P—9,); sAREeIAN EW Ue CEOG) 
where tag oextall PCOS (A, si )s ne 8 LO) 


(6) Calculate approximately the six plate constants, 
a, 6, c, da, e, f, from the six equations thus furnished of the 
form 

§& = ax — by—c;. 
n= dx —ey—f; 
viz., one pair for each star. 

(7) With approximate values of the constants thus found, 
and the measured coordinates of the center of the plate, calcu- 
late the &, 7 of the center, and hence its corrected R. A. and 
N. P. D. form the approximate formulas. 

(8) With the new AP calculate &, 7 of all the stars. 

(9) The plate constants can now be accurately determined 
from the comparison of the measured x, y, and the computed 
&, m for all the stars, either by least squares or by suitably 
grouping the stars in threes and taking the arithmetical mean 
of all the values thus found. This latter procedure is practi- 
cally as accurate and is much less laborious. 

(10) Calculate &, 7 of all the moons and their a’ from the 
formulas. 


Greer detail eI) erotics elas es > (LZ 1) 
: _ & cos (P — 4g) 
tan (a4 eee i; (172) 


(11) With an assumed approximate longitude calculate the 
moon’s declination and horizontal parallax at time of each 
exposure, and deduce parallax in right ascension by ordinary 
formulas. 
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(12) There is thus obtained true right ascension of each 
image, and by adding the interval from assumed epoch we 
get moon’s true right ascension at each exposure, and hence 
Greenwich M. T. and longitude. 

350. Sources of Error.—The degree of accuracy of the 
longitude, as obtained from the photographic plate, is exhibited 
in Article 351 by examples taken at a place whose longitude 
is known. For their better comprehension it will be inter- 
esting to briefly discuss the errors that the method is liable 
to, their possible elimination, and their probable amount. 

The possible sources of error may be classified as follows: 

(a) Differential refraction ; 

(2) Aberration ; 

(c) Flexures of camera; 

(2) Want of stability of camera; 

(e) Optical distortion of lens; 

(7) Lag in photographic action of a faint star; 

(g) Error in estimating position of center of plate; 

(4) Errors of measurement in the micrometer; 

(2) Clock errors (i.e., local time and clock rate); 

(7) Personal equation in making exposures ; 

(4) Movement of moon during exposure; 

(¢) Change of refraction between moon and star exposures. 


(a), (2), (¢) will entirely disappear owing to differential 
nature of measurements between moon and stars. 

(7d) The necessity of a high degree of stability in the 
instrument has already been insisted upon, and nothing more 
need be said on the point. 

(e) With a suitable lens this source of error, which has 
been mentioned above, is quite negligible. 

(f) A faint star will not act on the plate as rapidly as a 
bright one, but there it no theoretical reason why this should 
cause any errors, as the measurements are taken to both ends. 
of the star trails. 
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(g¢) This is unlikely to have an appreciable effect on the 
result. Should the estimated position of the center differ by 
2’ from the true one, the position of the unknown star or 
moon would be wrong by a maximum of about 1”. The 
resulting error of position varies directly as the error of the 
center, and as the square of the distance of the star from the 
center. There should be no difficulty in finding the position 
of the center within 2’. 

(2) The error in the micrometer may be due to: 

(1) Imperfections in the screws or scale; 

(2) Coordinate axes not being straight ; 

(3) Errors of bisection on the image; 

(4) Errors due to the moon’s radius not being accurately 
measured ; 

(5) Distortion of the photographic film. 

Of these (1) can be eliminated by well-known methods, 
and need not be more than mentioned here; (2) should not 
amount to a measurable quantity; (3) will totally disappear, 
in so far as systematic errors of bisection are concerned, if the 
plate be reversed during the measurement; (4) has already 
been discussed; (5) has been proved negligible in the case 
of the Astrographic Chart plates. 

As an illustration of the degree of concordance that may 
be expected in a series of micrometer measurements of a 
moon or star image, the following set, which has been se- 
lected quite at haphazard, will be of interest. They are the 
measurements of one coordinate of the moon’s limb expressed 
in millimeters. As the length of the lens was 19.5 inches, a 
unit in the third decimal place represents very nearly 0”.5. 


I 53.024 31 36 28 32 
2 49.067 70 68 71 72 
3 45 .096 92 oI 95 00 
4 41.130 35 41 35 038 31 
5 | 37 168 62 78 68 | 72) | 65 
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An inspection of the above set will show that a mean of a 
series is not likely to be in error’ more than .002 mm. or 1" 
arc, as far as the actual measurements are concerned. 

As another example, a set of measurements for the radius 
of the moon may be given. | For the quantity OP (diagram 
on p. 800) the following were the actual readings of the 
measurement ; 


927 23 25 24 19 14 ele a 
924 23 Mr, 23 19 14 13 1s 
1933 30 30 21 20 19 12 14 


It is at once obvious that the readings in the second half 
of each line are consistently smaller than those in the first 
half. The reason of this is found in the fact that the cross- 
wires of the micrometer were not truly at right angles, and 
consequently measurements taken in adjacent quadrants were 
not identical. Vhe diaphragm carrying the cross-wires was: 
rotated through go0° between each set of four measurements. 

To get a fair idea of the accuracy of these measurements. 
we must, therefore, combine together the first and fourth in 
each line, second and fifth, etc. We then get the following 
values for OP: 


3 19 19 18 
924 19 20 19 
6 25 21 BY 


Dividing by 2 — 1 to get radius, we have radius: 


NS. : 


n225 18 18 16 
18 21 18 
236 33 23 14 mean 


tN 


N 


(¢) An error in the local time will cause the same error in 
the resulting longitude, but an error in estimating the clock 
rate may have a somewhat more serious effect, inasmuch as it 
will alter the estimated interval between moon and star ex- 
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posures, and thus tend to produce an error in the moon’s 
right ascension and hence a large error in the longitude. 

(7) This source of error will be practically negligible, as it 
will only affect the longitude by the same amount. ; 

Suppose the observer systematically marked the exposures 
0.1 second late. As this will apply equally to moon and star 
images, it makes the Greenwich time, and hence the longitude, 
0.1 second wrong. 

(k) As the exposure on the moon is not instantaneous, 
the image will move to a slight, but quite appreciable, extent 
during the time the shutter is open. If the duration of the 
exposure be 0.2 second, the moon's movement will be 3’’, and 
we should, therefore, tend to get a difference of this amount 
in the right ascension according as the image corresponds to 
the beginning or end of the exposures, i.e., according as the 
bright limb be following or leading. If the middle of the 
exposure corresponds to the recorded clock time, the moon's 
right ascension will be in error by 1.5. Account must be 
taken, therefore, of the fact that the effective exposure is 
somewhat less than the total time the shutter is open, and it 
is probably not far wrong to reduce the amount by one-third; 
hence the error caused by the moon’s movement is not likely 
to exceed 1”. This error changes its sign according as the 
bright limb be leading or following, and can, therefore, be 
completely eliminated by combining plates in pairs before 
and after full moon. 

(2) If a considerable time elapses between moon and star 
exposures, the change in refraction may become a serious 
source of error. To take the most unfavorable case: If the 
observer be near the equator and the photograph be taken at 
an altitude of 30°, a variation in temperature of 10° Fahr. 
will cause a change of about 2’.5 in refraction, and therefore 
about that amount of error in the right ascension. Such 
unfavorable conditions as these would be very rare, and in 
general the possible error would be only a small fraction of 
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this amount. This error disappears if the photograph be 
taken on or near the meridian, as in that case a change in 
apparent altitude will not affect the right ascension. It will 


also entirely disappear if the moon’s azimuth be used for 


computing the longitude, but this would only be of limited 
application, as, if the observer be on the equator, the azimuth 
is changing too slowly to ve of any value. 

351. Precision of Resulting Longitude—As a general 
conclusion it seems not unfair to state that there is no one 
source of error which should in any case exceed 1”, unless it 
be the measurement of the moon’s radius. A limit of errors 
in this case is somewhat difficult to fix, but we shall probably 
be not far wrong if we assume a limit of double the above 
amount, and hence conclude that the right ascension of the 
moon can be determined within 4 seconds of time. As will 
be seen immediately, a higher degree of accuracy has been 
realized with actual plates. 

It is obvious that almost all the errors could be materially 
diminished if the method could be made a differential one, 
that is to say, if a duplicate photograph were taken with a sim- 
ilar instrument’at about the same time at a fixed point. 

It now remains to give the results of plates exposed at a 
place of known longitude, which is as follows: 


Place, Chatham, England. True longitude, 2™ 08*.13 E. 


Plate. Date. No. Moon Images. Reference Stars. Long. from Plate. 
We. | S. 
I 1894, Oct. 16 7 a@ Tauri; Jupiter 2 | O7.1 
2 ae ae ae 7 ae “e 2 | 07.6 
3 | 1895, May 2 5 a Tauri; v Leonis 2 0g. 4 
4 te on he 5 + 4 2 06.0 
5 | 1895, May 4 5 y Tauri; 6 Virginis 2 | 07.0 
} 


All the above plates were exposed with camera resting on 
a solid masonry foundation, and it is not probable that quite 
such accurate results would be obtained in the field. 
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GHAP Tike VIII. 
CAMP EQUIPMENT AND PROPERTY. 


352. Attributes of a Skillful Topographer.—The skill 
of a topographer is necessarily judged not only by his ability 
to perform his technical duties in the most efficient manner, 
but also by the time and cost of making the survey. The 
ultimate zest of the adzlity of two men on the same class of 
work, providing each be equally skillful, is the relative cost. 
of their work. If two topographers are able to make an 
equally good survey of the same territory, he is the more use- 
ful who performs the work the more rapidly and cheaply. | In 
the U. S. Geological Survey extreme instances of this have been 
noted where two men have been engaged in the survey of the 
same region and have produced maps of equal quality on the 
same scale. One required, however, as much as three times 
as long to obtain this result as the other, and the work of one 
cost $7 per square mile, and that of the other $20 per 
square mile. This great difference was due in large measure 
to their relative skill in managing the parties, in the planning 
and control of the work of the assistants, and in subsisting 


and transporting the members of the field force. 
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Where the topographer sads¢sts on the country by living at 
hotels or farmhouses and hiring transportation, he need pos- 
sess but few accomplishments beyond those of a technical 
knowledge of his business and sufficient executive ability to 
enable him to properly direct the work of the members of his 
party. Where, however, he sudszsts 7 camp, additional 
knowledge must be his, of that common order called ‘‘ horse- 
sense’’ which comes to those who are brought up in the ways 
of the country and the woods. Finally, where the work 
takes him into inaccessible and unexplored regions he must 
possess, in addition to the qualifications already cited, a gen- 
eral knowledge of many things non-technical if he is to attain 
the relative success which would be looked for in similar work 
in other regions. 

Under these conditions he must have a general knowledge 
of all handicrafts with which he has to deal, for he will fre- 
quently find himself unable to rely upon the members of his 
party for the little matters of care and repair of outfit where 
the outside aid of skilled artisans is not procurable. He will 
have to know not only how to harness a team and to adjust a 
saddle or pack (Fig. 201), but also how to repair a broken 
wagon or to shoe a mule, repair harness or make a riding- or 
pack-saddle. That he may make necessary repairs to the camp 
outfit and instruments, his equipment should include such tools 
as will enable him to do various kinds of rough work in 
wood, leather, and metal. Many of these are enumerated in 
Article 367, but those which he may have to use in the repair 
of instruments he must select according to his own judgment 
and skill. 

An examination of the illustrations of the every-day life 
of the topographer in the far West (Figs. 186, 201 and 203) will 
give a clearer idea than words can convey of the nature of the 
travel and work which he will have to perform. Under such . 
circumstances nearly all of the topographers of the United 
States Geological Survey have at one time or another had to 
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repair or replace a broken tripod leg, a split plane-table board, 
an injured alidade or level. To replace cross-hairs or make a 
stadia rod are as common occurrences as the repair of a pair 
of old shoes, a torn coat, or a broken saddle-girth. 


Fic. 186.—WHERE A PACK-MULE CAN Go. 


353. Subsistence and Transportation of Party in Field. 
One of the most difficult problems connected with the execu- 
tion of topographic field-work is the subsistence and transpor- 
tation of the working force. Lack of judgment or experience 
in this figures largely in the output of the field force and the 
cost of obtaining a given result. Where the party can /ve 
on the country cheaply, that is, subsist in hotels or farmhouses 
and be transported by the people of the country, the work 
can be thus most economically managed. There are two 
modes of arranging payment for the services of the individuals 
of the party under such circumstances. One is to give them 
a per diem rate and to allow them to pay their own living 
expenses; the other, and that far more satisfactory where 
parties remain in the field a long time, is to pay the men by 
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the week or month and to subsist and transport them. By 
this means the chief of the party has larger control of the 
movements and time of his working force. Subsistence may 
be had in various portions of the United States under such cir- 
cumstances at from $1.00 to $2.50 per day per man. Single 
conveyances may be hired at from $1.00 to $2.00 per day, 
including the feed of the animals, and from $2.00 to $4.00 
per day for a team with heavy wagon. 

The other mode of subsisting a party in the field is by 
camping, when tents, cooking outfit, animals and conveyances 
for transportation must be procured or the latter be hired for 
a period of time. This plan must necessarily be resorted to 
in many regions where habitations are widely scattered. To 
aid the party chief in selecting his outfit the following memo- 
randa have been prepared from a wide and varied experience, 
not only of the author in camping in various portions of the 
United States, Mexico, and India, but also from the expe- 
rience of his associates on engineering work on railroad and | 
government surveys. 

354. Selecting and Preparing the Camp Ground. — 
When tents are to be pitched for a night or two only, it 
matters little where they are placed beyond choosing level 
and well-drained ground. When, however, the party is to re- 
main in the same camp for several days, much care should be 
exercised in selecting the best camp ground. There is much 
more in this than the mere choice of level holding-ground for 
the tents, and considerations which apply in one region are 
entirely reversed in others. 

In general the ground should be nearly level, having just 
slope enough to drain well. The soil should be preferably 
an open, earthy gravel, as this gives best underdrainage, 
holds tent-pins well, and is cleanly. Sand does not hold well, 
and loamy or clay soil is wet and damp after a rain, and when 
soaked will not hold the tent-pins. Moreover, it soon be- 
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comes filthy and tramped into mud-puddles about the camp 


animals which have to lie on it. The camp site should not 


be near a town because of the lack of privacy and the annoy- 


_ance from visitors. Where cattle or hogs roam at large it 


should be in a fenced field. It should be especially selected 
for convenience to an abundant supply of good water (Art. 
378) and where fire-wood can be easily obtained (Art. 365). 

In the dense, damp woods of the North it should be in a 
clearing, and in the burning sunlight of the South and West 
it should be in the shade, preferably of a grove of trees (Fig. 
187). It should always be on slightly rising or high ground 
to assure good drainage, and as between camping in the bot- 
tom of a ravine or canyon or on top of a ridge, the latter 
should invariably be selected. There it is less damp and cold 
in early morning, and there the sunlight shines last at night. 
Care must always be exercised in selecting a camp site to 
choose one easily reached by wagons, pack-animals, etc., and 
which is convenient to forage or to pasture-land. 

355: Tents.—The most satisfactory and comfortable tent 
for all general purposes is a 9 X 9g tent with g-foot wall and 
extension fly (see tent with flag, Fig. 187). The best pattern 
of tents is that made by contract for the United States 
Army. Tents of fair quality, and nearly as good as those of 
the Army, are to be had of numerous makers in various parts 
of the United States. They should be of full 12-0z. army 
duck, warranted free from sizing and mildew-proof. All 
seams should be lapped at least one inch and double-sewed. 
The opening should be in the middle of one end and should 
be protected by flap of at least eight inches width which can 
be tied both inside and outside. Near the top of each 
end should be a small opening for ventilation and for insert- 
ing the pole (Fig. 188), and this should be protected in 
stormy weather by a canvas flap which can be tied down over 
it from the inside. Inside the tent, on a level with the top of 
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the wall all around, at distances of two feet, should be tied 
strings, so that the wall can be raised in warm weather and 
tied up so as to allow the air to circulate freely. 

At the bottom of the wall should be a sod-flap of lighter 
duck and about eight inches in width. This is to keep out 
the wind and rain, so that when the tent is pegged down 
from the outside this flap is turned inside near the floor or 
ground, and kept in place by laying upon it dirt, short strips 
of wood or stone, or anything else which will weight it down. 
The use of dirt is not recommended as it is liable to rot and 


, 


Door 68" 
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destroy the cloth. The ridge-pole should project about five 
or six feet in front of the tent, and be supported there by a 
third pole, and the fly should be this amount longer than 
the tent—that is, 14 to 15 feet in length, so as to extend 
like a porch as a shelter from sun and rain. An excellent 
modification of this extension fly is to so cut it that it will 
droop downward in a curved or turtleback form; then it will 
not be supported by an extension ridge, but will be merely 
guyed out by ropes. 

Frequently for convenience of transportation or for light- 
ness tents of other sizes must be used. In a large party it is 
often more convenient to have a 12 X 14 tent, in which a num- 
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ber of men may live or which may be used as a dining-tent. 
if for the latter purpose, such tent need not be provided with 
a fly. In very hot weather the most comfortable dining-tent 
is a simple fly which forms an awning as protection from sun 
and rain. Larger tents than 9 X g require at least two men 
to properly erect them. 

Where tents must be transported on the backs of men or 
animals, they must be of especially light design. It is then 
impracticable to carry poles unless these be jointed. Where 
wood can be procured, poles can be quickly hewn, or a rope 
may be used for the ridge and be tied to two trees, and the 
tent hung from these and guyed out as though supported by 
ridge and poles. Where timber is not convenient, light 
jointed poles may be carried, but the ridge can be dispensed 
with, a rope being used as a ridge by guying it out to 
some distance in front and rear. Under such circumstances 
small 7 X 7 A tents of 8-oz. duck and without flies may be 
carried. These can be had of weights as light as 6 to 8 Ibs. 
to the tent, and will furnish shelter to a party of three or 
four men in the most inclement weather, providing they are 
properly ditched and have steep enough inclination to their 
sides to quickly shed water. 

In the ¢rofzcs and where the heat is great, only the heav- 
iest tents will furnish comfortable protection. A light tent 
or one of moderate-weight canvas will not keep out the burn- 
ing rays of a tropic sun. At least two or even three tents 
of brown duck, each six inches to a foot smaller than the 
next, should be erected one inside the other so as to have an 
air-space of several inches about each; then if the wall at the 
bottom be raised to allow circulation of the air, the interior 
will be sufficiently cool for comfort. In India and Persia 
tents of light woolen cloth are used, and over the outside of 
these are placed tents of brown duck. These keep out the 
heat, retain the cool air of the early morning until late in the 
day, and protect from the rays of the sun. 
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356. Specifications for Army Wall Tents.—These and 
the following specifications are those issued by the Quarter- 
master’s Department of the U. S. Army to bidders on con- 


tracts. 

Dimensions.—Height, eight (8) feet six (6) inches; length of ridge, 
nine (9) feet; width, eight (8) feet eleven and one-half (1142) inches; 
height of wall, three (3) feet nine (9) inches; wall eaves, two (2) inches 
wide; height of door, six (6) feet eight (8) inches; width of door, 
twelve (12) inches at bottom, four (4) inches at top; from top of ridge 
to wall, six (6) feet six (6) inches. 

Material.—To be made of cotton duck twenty-eight and one-half (28%) 
inches wide, clear of all imperfections, and weighing twelve (12) ounces 
to the linear yard. 

Work.—To be made in a workmanlike manner, with not less than 
two and one-half (2%) stitches of equal length to the inch, made with 
double thread of five-fold cotton twine well waxed. The seams to be not 
less than one (1) inch in width, and no slack taken in them. 

Grommets—Grommets made with malleable-iron rings, galvanized, 
must be worked in all the holes, and be well made with four-thread five- 
fold cotton twine well waxed. Sizes of grommets: For eaves, one-half 
(7%) inch rings; for foot-stops, three-quarter (34) inch rings; and for 
ridge, three-quarter (*%4) inch rings; the latter to be worked so that the 
center will measure one and three-eighths (1%) inches from edge of 
roof, so as to be in correct position to receive spindle of upright poles. 

Door and Stay Pieces—Door and stay pieces to be of the same ma- 
terial as the tent.’ Stay pieces on ends and ridge of tent to be six and a 
half (64%) inches square; those at corners of tent, at angle of roof and 
wall, to be eight (8) inches wide, let into the tabling at the eaves, and 
extending eight (8) inches up the roof and eight (8) inches down the 
wall; those on the sides to be four (4) inches wide and extending six (6) 
inches along the angles beneath the roof and six (6) inches along the 
walls. 

Sod Cloth—The sod cloth to be of eight (8) ounce cotton duck, eight 
and three-quarters (834) inches wide in the clear from the tabling, and 
to extend from door to door around both sides and ends of the tent. 

Tabling.—The tabling on the foot of the tent, when finished, to be 
two and one-half (2%) inches in width. 

Ventilator—An aperture four (4) inches wide and eight (8) inches 
long, one (1) in the front and one (1) in the back end of the tent, placed 
six (6) inches from the top and two (2) inches from the center, on the 
right side of each end. The aperture to be reinforced with eight (8) 
ounce cotton duck, and to have the edges turned in and stitched all 
around. A flap or curtain on the inside eight (8) inches wide and four- 
teen (14) inches long, finished, to be made of two (2) ply eight (8) 
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ounce cotton duck, stitched around the edges; to have one (1) “No. 1” 
sheet-brass grommet placed at the top for the purpose of tying it up to 
close the opening; strings made of “No. 2” gilling line to be used for 
tying the curtain in place. 

Door Lines——The door lines to be of six-thread manila line (large), 
three (3) feet long in the clear. 

Wall Lines.—Eighteen (18) in number, to be two (2) feet long, to be 
made of “ No. 3” gilling line, whipped at both ends and placed under 
the eaves on the seams, for tying the wall up. 

Door Fastening—Door fastening, as shown in sample tent, to con- 
sist of four (4) double door strings of one-fourth (4) inch cotton rope 
one (1) foot long, on each side, passing through the door seam and 
secured by a ‘* Mathew Walker” knot. - Brass grommets, “ No. 4,” to be 
in corresponding position on edge of door piece, in which to tie the 
door cords. A one and one-half (1%) inch tabling to be made on the 
edge of door. 

Foot-stops—Foot-stops, seventeen (17) in number, to be loops four 
(4) inches long in the clear, of nine-thread manila line, both ends pass- 
ing through a single grommet, worked in the tabling at seam, and to be 
held by what is known as the * Mathew Walker” knot. 

Eave Lines—Eave lines, ten (10) in number, to be of six-thread 
manila line (large), and to be eight (8) feet long in the clear, with an 
eye four (4) inches long, spliced on one end, and the other ena properly 
whipped and furnished with “* No. 3” metallic slip of Army standard. 

The tabling at bottom, the sod cloth, and the foot-stops to be so 
arranged that the sod cloth falls inside and the foot-stops outside the 
tent. 

All lines to be well whipped one (1) inch from the end with waxed 
twine, and properly knotted. 


357. Specifications for Army Wall-tent Flies. 


Dimensions.—Lenegth, fifteen (15) feet and six (6) inches. Width, nine 
(9) feet when finished. 

Material—To be made of cotton duck, twenty-eight and one-half 
(28%) inches wide, clear of all imperfections, and weighing ten (10) 
ounces to the linear yard. 

Tabling—A two (2) inch tabling to be worked on ends, and a one 
and one-half (14%) inch tabling on sides. 

Grommets —Grommets made with malleable-iron rings, galvanized; to 
be worked in all the holes with four (4) thread five (5) fold cotton twine, 
well waxed. Size of grommets for eave lines, one-half (42) inch in 
diameter, and for upright spindle, three-fourths (%) of an inch in di- 
ameter; the latter to be placed so as to measure one and three-eighths 
(13%) inches from their centers to edge of fly, so as to be in proper posi- 
tion to receive spindle. 


822 CAMP EQUIPMENT AND PROPERTY. 


Stay-pieces—Stay-pieces on corners, triangular in shape, eleven (11) 
inches on base and perpendicular when finished, and on ridge six and 
one-half (64%) inches finished. 

Work.—The fly is to be made in a workmanlike manner in every 
respect, with not less than two and a half (21%) stitches of equal length 
to the inch, made with double thread of five (5) fold cotton twine, well 
waxed. 

Seams.—The seams not less than one (1) inch in width and no slack 
taken in them. 

Eave Lines—Eave lines, ten (10) in number, to be of six-thread 
manila line (large) and be seven (7) feet long in the clear, with an eye 
spliced on one end, four (4) inches long, the other end properly 
whipped, and furnished with a metallic slip No. 3, Army standard. 

All lines to be well whipped one (1) inch from the end with waxed 
cotton twine and properly knotted. 


358. Specifications for Army Wall-tent Poles. 


A set of poles to consist of two (2) uprights and one (1) ridge, the 
former to be made of ash or white pine, and the latter of white pine 
clear, strait grained, and free from knots or other imperfections. 

Ridge.—Ridge nine (9) feet long, two and three-quarters (2°4) inches 
wide, two (2) inches thick; on each end a band, two and three-quarters 
(2%4) inches wide, of galvanized iron, secured by four (4) one and one- 
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quarter (1144) inch copper nails. A five-eighths (5) of an inch hole 
bored through at a distance of one and one-quarter (114) inch from each 
end for the spindle of uprights. 

Uprights—Uprights octagonal, ten (10) feet long and two (2) inches 
thick; band of galvanized iron, two and one-quarter (214) inches wide, 
on upper ends, secured by two (2) one (1) inch screws. Spindle of one- 
half (%) inch round iron, galvanized, driven three (3) inches into upper 
ends and projecting four (4) inches, 

At set of pins for wall tent to consist of ten (10) pins twenty-four (24) 
inches double-notched, and eighteen (18) pins sixteen (16) inches single- 
notched. 


359. Specifications for Army Shelter Tents (Halves). 


Material—To be made of Army standard cotton duck, thirty-three 
(33) inches wide, weighing from seven and one-half (7%) to eight (8) 
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ounces to the linear yard, and capable of sustaining a strain of seventy- 
two (72) pounds in the warp and thirty (30) pounds in the filling to the 
one-half (42) inch, counting not less than fifty-two (52) threads warp, 
and forty-eight (48) threads filling to the square inch. 

Dimensions and Workmanship.—To be about sixty-five (65) inches 
long on the ridge, and about sixty-one (61) inches wide when finished. 
The center seam to overlap one (1) inch. 

The four corners and center at the bottom of each half tent to be re- 
inforced with pieces of the same material firmly sewed on; said pieces to 
be about four (4) inches square when finished. 

The top or ridge to have a tabling, three and one-half (3%) inches 
wide, and the bottom edge to be turned in and hemmed, making a three- 
eighths (%) inch seam neatly and securely sewed. a4 

To have two (2) grommet holes worked at each corner and at center 
of bottom. The two grommet holes at the top and front to be one and 
three-fourths (184) inches to the center from the top, and the first hole 
one-half (4%) inch from the edge, and one and one-eighth (14%) inches 
from center to center apart. The two grommet holes at the top and rear 
to be one and three-fourths (1%4) inches from the top; the first hole one- 
half (42) inch to center from the edge, and one and one-eighth (11%) 
inches from center to center apart. Along the bottom all the grommet 
holes to be one (1) inch from the bottom to the center, the first hole at 
the front one (1) inch from the edge, and about one and one-half (11%) 
inches from center to center apart; the middle holes to be one and one- 
half (1%) inches from center to center apart, and the rear holes to be 
one (1) inch from edge to center, and about one and one-half (14%) 
inches from center to center apart. 

The closed end to measure three (3) feet eleven (11) inches from ridge 
to base, and three (3) feet seven (7) inches along the base; the grommet 
holes in this end to be one (1) inch from the edge and one and one- 
half (1144) inches from center to center apart. All smaller-size grommet 
holes to be worked over a three-eighths (%) inch galvanized-iron ring, 


Fea a aw” 


Fic. 190.—SHELTER TENTS. 


with two (2) ply of five (5) fold cotton twine, well waxed; and the two 
(2) larger grommet holes made to receive the shelter-tent poles over a 
five-eighths (%) inch galvanized-iron ring, worked with two (2) ply of 
five (5) fold cotton twine, well waxed. To have nine (9) buttons and 
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buttonholes along the top, the first buttonhole to be one-half (1%) inch 
from the top, and three-fourths (%4) inch from the edge; the others 
about seven and seven-eighths (7%) inches apart, with a white-metal 
button below each buttonhole, three (3) inches from the edge. 

The side of each half tent to have seven (7) buttons and buttonholes, 
the side buttonholes to be worked one-half (%) inch from the edge; the 
first buttonhole to be about eight (8) inches from the bottom, and the 
others spaced about seven and one-half (7%) inches apart. The buttons 
to be firmly sewed on about three and one-half (3%) inches from the 
edge. Along the closed end there shall be seven (7) buttons and button- 
holes, the first buttonhole to be about five (5) inches from the top, and 
all to be about one-half (4%) inch from the edge, and spaced about six 
(6) inches apart; and the buttons to be about two and one-half (2%) 
inches from the edge, and spaced about six (6) inches apart. 

Each half tent to be furnished with a guy line, and four (4) foot-stops, 
made of 6-thread manila line, about one-fourth (44) inch in diameter; 
the former about six (6) feet seven (7) inches long in the clear with an 
eye-splice of about two (2) inches at one end; each foot-stop to be about 
sixteen (16) inches long in the clear, all whipped at both ends. All sew- 
ing, including buttonholes, to be done with W. B. linen thread, good 
quality, No. 7o. 


360. Specifications for Army Shelter-tent Poles. 


A set of Shelter Tent Poles shall consist of two (2) uprights, made 
round, about one (1) inch in diameter, when joined to make a pole forty- 
six (46) inches in length from lower end to shoulder at top, with a neatly 
turned spindle at top about one (1) inch long and one-half (4%) inch in 
diameter, making a total length of forty-seven (47) inches. 


FIG. 191.—JOINTED SHELTER-TENT POLEs. 


Each upright to be in two parts of about equal length, about two 
and one-half (2%) inches bevel, and joined in a tin socket four (4) inches 
long, made of twenty-three (23) gauge tin (U. S. standard gauge), 
joined by a groove seam, neatly turned and soldered full length of seam, 
and secured to lower part of the pole by two (2) tacks, neatly and 
squarely driven. 

The pole to be of poplar wood, free from knots, and smoothly 
finished. 
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361. Erecting the Tent.—To properly set up a tent it 
should be taken by the ridge and dragged away until laid out 
flat. The ridge-poles should be inserted through the ventila- 
tion-holes, the supporting poles inserted in the ridge-pole, 
and the whole raised and the corners at once guyed out. 
The corner ropes by which the tent is first stretched should 
be drawn in a diagonal direction so as to make an angle of 
about 45° with the walls. The door should be tied up so 
that the tent may be given its proper shape, and the wall- 
corner loops pegged down and door fastened to hold the 
whole in place. Then the side ropes should be guyed out 
and the tent stretched taut by tightening a little on each 
rope at a time. 

The jfiy must be laid over the tent when on the ground, 
and be raised with it. Then it must be so stretched as to 
touch the tent at no point excepting at the ridge, while at the 
eaves it should be from 6 to 10 inches above the roof of the 
tent. (Fig. 187.) This result can be obtained by several 
methods. One is to use pegs with two notches, on the lower 
of which the tent-guys are fastened, and on the upper the fly- 
guys; or an additional row of pegs may be set a foot beyond 
the tent-pegs for the support of the fly-guys. Where much 
rain or heat is encountered, short crotched poles about 10 
inches longer than the height of the wall should be cut and 
one of these be set under each of the corner fly-guys to raise 
the fly away from the teat roof. As a protection in high 
winds long guys should be stretched from each end of the 
ridge-pole in front and rear, otherwise storms blowing end on 
may carry the tent away. 

362. Tent Ditching and Flooring —Where the ground is 
moist or rains are to be provided against, the tent must be 
ditched in order that the water shall not run under it and wet 
the soil inside the tent; and where the camp is to remain in 
the same place for some time, the comfort of the party will be 
greatly increased by adding a floor to the tent. To ditch a 
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tent a sharp spade or mattock should be used, and the soil be 
ee cut squarely or vertically just outside the foot 
of the wall. (Fig. 192.) The soil should be 
pitched away and an easy slope left on the out- 
side of the spade-cut. Dirt should never be 
banked up against the outer wall of the tent, as 
it rapidly rots and destroys the canvas. The 

jp pret ditch should be cut sufficiently deep to assure 
WM its carrying off any ordinary rainfall, and should 
Fic. 192.—SOD- be made deep or shallow in various parts ac- 

CLOTH AND 

Dircu. cording to the slope of the ground, so that its 
bottom may have a uniform slope towards the lowest ground. 
At such point the ditch should be carried away from the tent 
a short distance in order to assure egress of the water from 
the ditch. 

The comfort of the occupants of the tent is increased by 
using a small strip of canvas or similar material as a floor on 
which to stand in dressing. Still better is a canvas floor of the 
full size of the interior of the tent, and this can rest upon the 
sod-cloth to keep out the wind. Where facilities for trans- 
portation permit, a wooden floor of tongue-and-grooved planks 
the length of the tent—say 9 feet—and fastened together by 
cleats in sections of 3 feet width may be provided. These 
3 X g-foot sectional floors can be easily handled in moving, 
and the whole tent can be floored with them or only one or 
more sections be placed in the space between two cots. 

A still more substantial floor for a permanent winter camp 
consists in laying 2 X 4 scantling as floor-joists and planking 
these over so as to make a full floor which shall extend out- 
side the canvas walls. The rain will run under this, and a 
little carpet or canvas on it will keep the wind out. At each 
corner a 2 X 4 joist should be erected the height of the wall, 
and these corner posts should be connected by smaller scant- 
ling so as to form a railing the height of the wall. Over this 
the tent will be stretched, the framing of scantling holding 
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it out in shape. It is unnecessary except in very high 
winds to guy out tents stretched in this manner, the guys to 
the fly being sufficient protection. 

363. Camp Stoves, Cots, and Tables.——The most com- 
fortable camp stove is the oz/-Aeater. With this it is unnec- 
essary to cut any hole in the tent as an outlet for a smoke- 
pipe. It can be quickly lighted and extinguished, furnishes 
sufficient heat, and can be moved to any part of the tent with 
ease. Where oil cannot be carried for such a heater, a Szdley 
stove, made of sheet iron similar to that used in making stove- 
pipes, is one of the most simple and satisfactory heaters. 
This can be made by any tinner, is conical, the top being of 
the dimensions of ordinary small stove-pipe (Fig. 193), the 
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193.—TENT STOVE AND PIPE. 


bottom 18 inchesin diameter, and the height about 3 feet. A 
small hinged door must be cut and fitted in one side of this 
conical heater, the bottom being left open. In other words, 
it is an inverted funnel of stove-piping which rests on the 
bare earth. The sticks of wood are placed in it on end and 
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rapidly ignite and produce a strong heat. The fire is easzly 
controlled by banking up the outer edge of the stove at the 
bottom, so as to prevent the ingress of the air, thus at once 
dampening it, or by digging away the earth underneath it a 
little, so as to admit the air, when the fire quickly draws up. 

The stove-pipe may be carried with a joint through one end 
of the tent. In this way the canvas will not be injured as 
when it is carried up straight through the roof, thus introduc- 
ing danger of fire from sparks and admitting rain around the 
pipe. In order to protect the canvas from burning by the 
heat of the pipe, a rectangular hole should be cut in the can- 
vas on three sides, the fourth side of the hole being left so 
that the canvas can be turned down, and when the pipe is 
removed it can be laid back again. On either side of the canvas 
surrounding this hole there should be fastened by rivets or 
wire thread a sheet of tin with a circular hole sufficiently 
large to permit the passage of the stove-pipe. 

The most convenient camp bed is a spring cot, where such 
can be transported, or one of the various forms of folding 
cots. Where for convenience of transportation cots cannot 
be carried and where hay can be procured, this or straw makes 
an excellent couch on which to lay the blankets, first placing 
canvas beneath these to protect them from particles of hay. 
In the pine and fir forests of the North a ded of boughs can be 
made by breaking off the small twigs from spruce or balsam 
boughs and laying these on end with the butt in the ground, 
their length not exceeding 12 to 16 inches. When enough of 
these are laid in this manner, one close against the other, they 
make a substantial, warm, springy mattress. A lesscomfortable 
couch of spruce or balsam boughs may be made by cutting these 
in lengths of 2 feet and laying them with the leaf ends to the 
center and the butts out, crosswise of the bed, in such man- 
ner that the butts project, to either side. 

Various forms of folding camp tables may be purchased. 
These may, however, be made by a carpenter quite as conven- 
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iently and cheaply and even more satisfactorily. Of those 
varieties which may be purchased, as convenient a form as any 
is the folding sewing-table one yard in length. For large 
tables the simplest is a pair of trestles on which to lay planks, 
and a similar arrangement may be provided as a bench on 
either side of the table. Of portable tables, one of the most 
satisfactory forms is that shown in Fig. 194, which may be 
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readily constructed under the instructions of the topographer. 
This table is extensively used in the camps of the United 
States Geological Survey. The top consists of three 12-inch 
boards of suitable length screwed to two cleats. Each pair 
of legs is fastened at the table ends to wing boards 8 inches 
wide, and these are hinged to the top so as to fold inwards 
with the legs, thus lying flat to the table top. Lengthwise of 
the sides of the table top are hinged two other wing boards. 
When the legs are opened out these side boards are let down 
and hooked to the legs, thus keeping them in place. Long 
side hooks of iron add rigidity to the whole. 


364. Specifications for Sibley Tent Stoves. 


Stove-—The stove to be in the form of the frustrum of a cone, and to 
be made of No. 14 U. S. standard gauge common annealed plate-iron. 
To be in one piece (except the collar and door), and the seam at back to 
be fastened with twenty-four (24) rivets. The collar at top to be of th: 
same material as the stove. To be two and a half (24%) inches deep, and 
be secured to the stove by six (6) rivets. Aperture for door to be about 
six (6) inches high by six (6) inches wide, the upper corners of which 
shall be rounded as in sample. The door to be sufficiently large to lap 
over the aperture; to be securely hinged to the stove, and to be properly 
molded to its form. An ‘ A’’-shaped vent at the bottom of stove directly 
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under the door, about two (2) inches high by three (3) inches wide; the 
top to be rounded. 

Dimension and Weight—Height to top of collar, twenty-eight (28) 
inches. Circumference (outside) at bottom, fifty-eight (58) inches; at 
top, thirteen (13) inches. Distance from bottom of door aperture to 
base of stove, fourteen (14) inches. Weight about (19) pounds. 


365. How to Build Camp-fires.—To ézndle a spark into 
a flame the spark should be received in a loose nest of the 
most inflammable substance at hand, which ought to be pre- 
pared before the tinder is lighted. When by careful blowing 
or fanning the. flame is once started, it should be fed with 
little sticks or pieces of bark until it has gained strength to 
grapple with thicker ones. 

There is something of a knack in finding fire-wood. It 
should be looked for under bushes. The stump of a tree 
that is rooted nearly to the ground has often a magnificent 
root fit to blaze throughout the night. Damp or very sappy 
wood should be avoided. Dry manure of cattle is a fair fuel. 
Dry fuel gives out far more heat than damp fuel. Bones of 
animals also furnish a substitute for fire-wood. Wood should 
be cut into lengths of one foot and about two inches square. 
When nothing but brushwood is to be had, it should be 
burned in a trench. Where fuel is scarce, it is well when 
moving camp to gather and throw into the wagon all the dry 
‘wood which may be found along the road. 

366. Cooking-fire for a Small Camp.—Lay down two 
green poles, 5 by 6 inches thick and 2 feet long, and spaced 
2 or 3 feet apart, and with notches in the upper side about 
10 to 12 inches apart. Lay two more green poles, 6 by 
8 inches thick and 4 feet long, in the notches. Procure a 
good supply of dry wood, bark, brush, or chips, and start the 
fire on the ground between the poles. The air will circulate 
under and through the fire, and the poles are the right distance 
apart to support a camp-kettle, frying-pan, or coffee-pot. 

If several meals are to be cooked in this place, it will pay 
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to put up acrane. This is built as follows: Cut two green 
posts 2 inches thick and 3 feet long; drive these into the 
ground a foot from either end of the fire. If these poles are 
not forked, split the top end of each with the axe; then 
cut another green pole of same size and long enough to reach 
from one to the other of these posts; flatten the ends and 
insert them in the crotches or splits. The posts should be 
of such height that when this pole is passed through the bail 
of the camp-kettle or coffee-pot they will swing just clear of 
the fire. A less satisfactory crane is made by resting three 
poles together like a tripod and fastening them at the top by 
wire. Then a wire hook is hung from the center of these low 
enough to bring a kettle just over a fire built between the 
tripod legs. 

367. Camp Equipment.—For a party of six and where 
transportation is by wagon, the following covers most of the 
essentials of the living equipment for the camp—that is, the 
equipment exclusive of that required for transportation: 

Four 9 by 9 Zents, with flies, poles, and pegs; one for party 
chief, one for three assistants, one for cook and kitchen, and 
one for dining and storage. 

Canvas or sectional wooden floors for tents. 

In winter, three heating-stoves, also one small (cast-iron) 
wood cooking-stove with pipes. 

Two mess-boxes, one for cooking-utensils, the other for 
tableware and light provisions, of pine screwed together, with 
hinged tops and compartments; also an inside cover the full 
width of the top, which may be used as a_ bread-board. 
When the lids are opened out and the two mess-chests placed 
together, they form a table of the width of the mess-chests, and 
a length four times their thickness. These chests should be 
20 inches deep, 20 inches wide, and 24 to 30 inches in length, 
so as just to fill a wagon-bed. 

Mess-kit should consist of the following articles: 
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2 wash-basins 1 chopping- bowl and chopper 
2 pepper-and-salt boxes I iron broiler 

2 buckets } dozen cups and saucers 
I dipper kerosene-oil can 

1 bread-pan 1 dish-pan 

2 frying-pans 2 four-quart stew-pans 

2 two-quart stew-pans 10 plates 

1 half-gallon coffee-pot I quart tea-pot 
Table-cloths napkins 

Dish-towels 2 one-quart cups 


4 sheet-iron camp-kettles with cov- 1 coffee-mill 
ers, sizes ranging from 1 to 3 4 dozen plated or aluminum table- 


gallons so as to nest one within knives, forks, table-spoons, and 
the other tea-spoons : 

2 carving-knives I galvanized iron basting-fork and 

I spring-balance spoon 

6 pans one and one half inches deep, 3 pans two inches deep and eight 
six inches in diameter, for soup, inches in diameter, as serving- 
oatmeal, etc. dishes 


All dishes, basins, etc., should be of granite- or porcelain- 
lined ware. Vhestew-, coffee- and tea-pots, etc., should also 
be of granite ware or have copper bottoms. To the above 
may be added numerous’ miscellaneous articles if transporta-| 
tion facilities will permit, as a wash-tub and board, rolling- 
pin, etc. 

Where transportation is on the backs of animals tin and 
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galvanized iron will have to be substituted for granite-ware to 
reduce weight, and many of the above articles must be dis- 
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pensed with. The stove will be replaced for baking by a Dutch 
oven 12 inches in diameter, or by a tin reflector (Fig. 195). 
For transportation on men’s backs practically everything 
will be dispensed with but a few tin plates and cups, knives, 
forks, and spoons, a coffee-pot, frying-pan, and stew-pan. A 
tin reflector should also be carried for baking. 
The miscellaneous camp tools may consist of some or all 


of the following: 


I or 2 axes and extra axe-helves 

I hatchet 

Bits and augers 

Screw-driver 

Assorted screws and nails 

Broom 

Quart canteens covered with cloth 
and canvas, or, in arid regions, 
a one-gallon canteen to each 
man 


Small files 

Rochester burners or other good 
lamps for drafting and reading 

Lanterns 

Assorted rope and string 

Whetstone 

Mattox 

Shovel 

Spade 

Saw 


368. Provisions.—The best estimate of the amount of 
provisions required for a camping party can be obtained by 
consulting the following ration list, which has proved most 
satisfactory after long experience in the field-work of the 
United States Geological Survey. 

A ration is the food estimated to be necessary to ‘subsist 
one man one day. 
the ration are designed to be sufficiently liberal for all cir- 
cumstances. They are maximum amounts, which should not 
be exceeded. 

The Survey ration is made up of the articles and amounts, 
given at the top of page 834. 

On the basis of this list a party of stx will consume six 
One hundred rations will therefore subsist 
The cost of the above ration 
Near large markets 


The amounts of the various articles in 


rations a day. 
such a party seventeen days. 
will vary necessarily with the locality. 
and convenient to railways the ration—that is, the food 
of one man for one day on the above basis—costs from 45 to 
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TABLE “UL XX; 
RATION LIST. 


. . 100 
Article. Unit. Rations. 


Fresh meat, including fish and poultry (a).... ...-.. Pounds 100 
Cured meat, canned meat, or cheese (4)........+--- do. 50 
Leal Cen sreretererre yore ie erctesioysvatier a vie lelletstitet alo tevatelis] oh te ol oNofqi=v ars elen st do. 15 
Hlouiab read Or Crack ens cr crcihejetel=teroveleis! ser eteloteetal ets do. 80 
Corn-meal, cereals, macaroni, sago, or corn-starch.. do. 15 
Baking-powder or yeast-cakes..........++..++4.-.: do. 5 
Sie, Aotaia shaogo oc codopEdi catch don o bun ooUOu SUT do. 40 
VGH AIS SE Siere ots oatauel atovehe cenapetretistaiferte ste ot eval chievevans everaterai-ceteis Gallons I 
COfie hifisesernt insects: AG, CPP OC ER TES Ganys Macelerets Pounds 12 
Mea wGlOCo late mOlj COCO a scene dereieneeris tole cumeteloiele lente eks do. 2 
MatligsCOmGense di (C)iecrte merase e's sere eae serie oh eas ee Cans 10 
(DUA teh aot Sou Una ae esso.c DON GOo Dh GPEC ee Pounds 10 
Die AU te itihy (cla) eeaetortedost rete oMvefiets ehh. char oyelors ale otetar stererats do. 20 
RAICCVOLAD EAS oe cusieyove eel aro -eetc Tae teste te teter mratiere ote do. 20 
Potatoes or other fresh vegetables (¢).............. do. 100 
Eanne dave tetale sro t titty ase tetne lene ce noire Cans 30 
QoleSSe. cco eben coucnHO Oo dkOR Od odOSonDD atoe a0 ons Ounces 4 
IMEer ae acieie Bocce eoohot cova Hea oUmOoUNO Docut do. 4 
Be ppeteo tats tar dinrer-rertet setters tats emilee meter veyetetr=re do. 8 
IRNGIANESS Fou qe 6 BeweweEs toe oo atric sono nD OGeds oda. Quarts 3 
WilQeGAietaddtins eCPon. ced eauls cronidbe ad. aoe sooo mae ae do. u 
SHANE, Go capi abOad.o Sots OU On doi snere cota axe Oicia ise tote aus ateeerees Pounds 4 


(a) Eggs may be substituted for fresh meat in the ratio of 8 eggs for I 
pound of meat. 

(6) Fresh meat and cured meat may be interchanged on the basis of 5 
pounds of fresh for 2 pounds of cured. 

(c) Fresh milk may be substituted for condensed milk in the ratio of 5 
quarts of fresh for t can of condensed. 

(7) Fresh fruit may be substituted for dried fruit in the ratio of 5 
pounds of fresh for 1 pound of dried. 

(«) Dried. vegetables may be substituted for fresh vegetables in the 
ratio of 3 pounds of fresh for r pound of dried. 


55 cents. It rarely exceeds 75 cents in the most inaccessible 
localities in the United States. 

Where ¢ransportation is difficult, as by pack-animals, the 
above must be varied by omitting the heavier provisions, 
those containing the most moisture, such as all canned goods, 
and these must be replaced by additional amounts of flour, 
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beans, and dried fruits. Where fresh meat cannot be obtained 
it must be replaced by additional bacon and corned beef. 

Where provistons must be carried on men’s backs a still 
further cut must be made in the heavier articles. Under the 
most unfavorable conditions an abundance of flour, bacon, 
rice, beans, oatmeal, cornmeal, tea, sugar, dried fruit, and salt 
must be provided. 

To the above ration list are to be added such quantities 
of matches and soap as may appear necessary. 


CHAPTER] XXX. 
TRANSPORTATION EQUIPMENT. 


369. Camp Transportation; Wagons.—The manner of 
transporting the camp outfit must depend necessarily on the 
conveniences of the country in which the work is being exe- 
cuted. On the plains or where there are sufficient roads, and 
forage can be provided for animals, transportation in heavy 
wagons is necessarily the most convenient and satisfactory. 
Even in the roughest country a large camp wagon with four 
animals will transport the outfit, including tents, beds, and 
provisions, for a party of six or eight. One of the most con- 
venient arrangements in hilly country is to have two smaller 
wagons, as they are more easily loaded and unloaded than a 
large one, and to have but one team to each wagon; then on 
the heavy hills the teams may be doubled up until the sum- 
mits are reached. 

There should be bows to the wagon, that a canvas cover 
may be hung over these to protect the load from rain. 
Covers should not be laid on the load, as the latter will soon 
wear holes in it and render it useless. The load should be 
well tied down with a long quarter-inch lash-rope passed back 
and forth over the whole, otherwise the various articles will 
jostle about and wear holes or injure each other. Care should 
be taken in loading to place the heaviest and most durable 
property in the wagon bed, and the tents, bedding, etc., on 
top, especial care being taken that nothing which will wear 
holes in the tents shall touch them. 
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There should be a tool-box in front of the dashboard to 
carry axle-grease, wrench, hatchet, wire, rope, nails, and sim- 
ilar articles which may be useful in event of a breakdown. 
The tailboard should be removed for easy loading, and in its 
place a long leather strap or chain be fastened about the 
mess-chests, which should occupy the rear of the wagon-bed. 


(Fig. 196.) 


A SCALE OF FEET 
0 1 2 3 4 5 
Fic. 196.—CAmMp WAGON. 


370. Pack Animals and Saddles.—The best pack-ani- 
mals are short-coupled, short-legged, stocky mules of less than 
one thousand pounds weight. A heavy load when moving 
camp at a slow gait is about 30 per cent of the animal’s weight 
or between 250 and 300 pounds. Where the animal is to 
move at a trot it should be loaded with from 150 to 200 
pounds at the outside. A day’s journey for laden animals 
is 20 to 25 miles, and the best way of making the move is not 
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to stop fora noon rest, but to’set out early in the morning, 
continuing to the end of the journey without unpacking. 
Where longer trips have to be made, however, the packs and 
saddles should be removed and a full hour given for rest, 
otherwise the animals may be galled. 

The pack-saddle is fitted on the animal in the same man- 
ner as is a riding-saddle with a heavy saddle-blanket or pad 
underneath it. It is so constructed that it can be placed a 
little further forward than the riding-saddle. In addition to 
the ordinary saddle-cincha the saddle is sometimes provided 
with a crupper, but this is not as satisfactory for heavy work 
asis a breeching. The latter is made by screwing stay-straps 
to the rear end of each of the wooden pads of the saddle and 
carrying these back to a ring over the animal’s rump. Thence 
the stay-straps fall off to and support the forward ends of 
the breeching-straps as with ordinary harness. To the front 
ends of the breeching-straps are attached snap-hooks to catch 
into the cincha-rings on either side. 

In the Southwest the aparezo is generally employed as pack- 
saddle by the trained packer. This consists of two leather bags 
stuffed with hay which are connected at one end by a leather 
apron so that they may be hung over the sides of the mule. 
They are about 3 feet in length and 2 feet in width, and 
when fully stuffed about 4 to 6 inches in thickness. They are 
fastened to the animals by a wide girth thrown over the 
aparejo and under the animal’s stomach, and are firmly cinched 
on. Upon them is placed the load, divided into two parts of 
equal weight, one resting on each side of the aparejo and 
fastened in position by means of a long rope tied with a dia- 
mond hitch. This apparatus can, however, only be used by 
skillful packers, and is then rarely as satisfactory as is the 
Moore army saddle or the ordinary crosstree pack-saddle 
where the animals are compelled for any reason to move at a 
brisk gait. 

The crosstree pack-saddle can be purchased of dealers in 
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St. Louis, Denver, and similar supply centers. It can also be 
readily constructed. It consists of two pads of wood curved 
and shaped somewhat like the tree of an ordinary riding-saddle 
so as to fit the back of the animal, and these are joined 
together by two strips of oak or other stout wood screwed 
to the outsides of the wooden pads. They are fastened 
to each other at their junction, at which point they cross, 
one at front and the other at rear of the saddle. 

Panniers or alforjes of canvas, about 2 feet in length, 14 
inches deep, and 6 to 8 inches through, are hung on the saddle- 
forks by means of leather straps. To the outer sides of these 
are fastened at one end a long leather thong, and at the other 
a loop or metal ring. The thongs are thrown across the back 
of the animal, passed through the loop on the opposite alforje, 
and tied up so as to raise the load on to the tree of the saddle 
and away from the sides of the animal. The center of the 
load may be filled with loose and light articles, as blankets 
or a tent, to give the whole shape and body. Over this 
should be thrown a canvas cover, and the pack be tied on by 
means of the diamond hitch. The Zash-rope which fastens 
the load on the aparejo or pack-saddle should be of % inch 
manila rope 42 feet in length. This should be fastened to a 
wide girth of canvas which comes under the belly of the ani- 
mal, and on the other end of the girth should be an iron hook 
or a hook made from the crotch or forked branch of some hard 
wood. 

371. Moore Pack-saddle.—The United States Army 
uses an improved saddle (Fig. 197) for packing which is a 
modification of the Mexican aparejo, over which it has several 
advantages, chiefly in that it is more easily handled by in- 
experienced packers and is more readily kept in good condi- 
tion. The Moore saddle, as it is called after its inventor, 
consists, like the crosstree saddle, of a number of parts, 
including the saddle proper, two pads similar to those of the 
aparejo, a crupper instead of the breeching used with the 
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crosstree saddle, a corona or pad placed next to the animal’s 
back under the pad, and a large canvas pack cover; also 


FIG. 197.—FULL-RIGGED Moorr ARMY PACK-SADDLE. 


a canvas cincha ten inches in width, of varying length ac- 
cording to the animal (Fig. 198); half-inch manila rope 


Fic. 198.—PACK-SADDLE CINCHES. 


twenty-two feet long for sling-rope, and a lash-rope similar 
to that used with the crosstree saddle. 
The army saddle is adjusted to the animal somewhat dif- 


THROWING THE DIAMOND HITCH, 841 


ferently from the crosstree saddle. The cincha goes entirely 
over the saddle, coming under the animal’s belly and over his 
back, thus completely encircling or girdling him and the 
saddle. The pack is loaded in a manner similar to that 
described for the crosstree saddle. 

' 372. Throwing the Diamond Hitch.—It requires two 
men to lash a pack with the diamond hitch unless the packer © 
possess unusual skill. Calling the two packers, respectively, 
thrower and cincher, the latter stands on the off or right side 
of the animal, and the former on the left or near side. 
The thrower first casts the girth under the animal’s body to 
the cincher, who grasps the hook, point to front, in his left 
hand. The thrower immediately casts the end of the rope 
backward over the left shoulder of the animal across his right 
hip, then taking the short or girth end in his right hand and 
the long or loose end in his left hand—that is, the end toward 
the head of the animal—he casts a short loop of the rope over 
the back of the animal (Fig. I99, A) to the cincher, who 
passes this through the hook of the girth and draws it slightly 
taut. The cincher at the same time throws the remainder of 
the slack of the rope over the back and towards the head of 
the ‘animal and on the side of the thrower (Fig. 199, 2). 

The thrower next passes the long end of the loop backward 
over the rope first cast, thus making a bight in it, and he also 
carries it in front of the forward corner of the pack on his 
side, leaving the short end hanging backward—that is, to his. 
right (Fig. 199, C). 

The cincher now takes his slack loop in his right hand, 
and reaching beyond the bight just made by the thrower in 
the cinch rope, he passes his loop backward under and forward 
over the cinch or first rope, thus making a second bight in 
it. Immediately he takes the loose end, which is that to his 
left, and passes it forward and across the pack under the rope 
which he has just looped (Fig. 199, D). 

The cincher now takes the end of the rope which is caught 
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in the hook and, pressing his foot against the side of the ani- 
mal, draws this as taut as he can, while the thrower, turning 
his back to the pack, takes in the slack by holding it tautly 
over his shoulder. This slack he passes over the front corner 


Left side. 
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of the pack and, still holding it firmly, passes it under the 
same and backward, pressing his foot against the rear corner 
of the pack to draw it as taut as possible (Fig. 199, £). Then 
the cincher, standing to the rear of his side of the pack, takes. 
in the slack given him by the thrower and, pressing his foot 
against the rear of his pack, draws the rope as taut as possible. 


ee 
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Fic. 200 —LOADING PACK-MULE WITH MESS-BOXES: 


PACKING ON MEN’S BACKS, ADIRONDACKS. 


Fic. 201.—PACKING ON MEn’s Backs, ADIRONDACKS, 
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The slack he passes around the rear end of the pack on his 
side, under it and up the forward side, pressing his foot 
against the pack from the front, while the thrower, using his 
foot against the front side of the pack on his side, takes in the 
slack given him by the cincher (Fig. 200). 

Having the entire pack now fastened, it will be noted that 
the two bights open the loops in the form of the diamond 
hitch. The thrower then takes the slack end, which he now 
holds, and ties it on his side across the front and outer side 
of the pack in such manner as to firmly bind the whole to- 
gether (Fig. 199, F). 

373. Packmen.—Where camp equipment must be trans- 
ported on men’s backs, as in some portions of the Adiron- 
dacks (Fig. 201), in the Northwest, and in Alaska, the loads 
may be arranged thus: Blankets, clothing, etc., may be rolled 
inside of rubber or canvas into bundles of about 24 inches in 
length, 18 to 20 inches width, and 15 inches thickness. These 
should be strapped and slung over the shoulders by wide 
leather straps fitted in a manner described below for pack- 
baskets. For heavy provisions and miscellaneous small ar- 
ticles baskets of the type used in the 
Adirondacks, or canvas panniers, furnish 
the most satisfactory mode of carrying 
packs. 

These baskets are shaped as shown in 
Fig. 202, averaging about 18 inches in 
depth, 17 inches in width at the bottom, 
and 15 inches in width at the top, with 
the thickness at bottom and top 12 
inches. A heavy leather strap is run 
around the top under the rim, and to 
this are attached two carrying-straps which come close together 
and pass through the same loop at the top. These straps pass 
down the body side of the basket close to the latter, and are 
caught up at the bottom of the basket at their outer extrem- 


FIG. 202.— PACK-BASKET. 
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ity, so as to form the letter ‘‘A’”’ as viewed against the 
basket. Thence they run up and buckle to the ends which 
come from the upper portion of the basket, leaving wide 
loops through which the arms can be passed, while the 
buckles give necessary freedom for adjustment. This pack 
should be carried as high as possible on the shoulders, and 
the closeness of the straps at the top keeps it well on to the 
shoulders without a confining breast-strap. 

A heavy load for a packman over good trails and for 
tramps of 15 to 20 miles is 60to 75 pounds. A light load 
for heavy traveling and mountain work is 35 to 50 pounds. 

374. Transportation Repairs.—In addition to camp 
wagon and harness or pack-saddles, as the case may be, the 
following should be carried for repair and use in connection 
with the animals and outfit. 

A farrier’s kit for shoeing where blacksmiths cannot be 
had: this should include one clinch-cutter, one clinching- 
iron, one shoeing-hammer, one pair shoeing-pincers, one 
shoeing-rasp, assorted horse or mule shoes already fitted and 
corked, and assorted nails. 

A saddler’s kit, for use with pack and saddle outfits: this 
should include sewing-palm, bradawls, sail-needles, twine, 
wax and sewing-thread, assorted buckles, assorted copper 
rivets, rivet and iron set, riveting-pincers, rivet-nippers and 
cold-chisels, assorted rings, leather whangs, lace leather, also 
some heavy harness leather and copper wire. 

In addition to the above the following mzscellaneous utensils 
should be provided: 

Axle-grease, nose- or feed-bags, horse-brush, currycomb, 
halters, whips, riding saddles and bridles, saddle-blankets, 
wagon-jack, monkey-wrenches, and canvas pack-covers. 

To the above may be added, under certain conditions: 
hopples, bells, tethering-ropes and long pivot picket-pins 
with rings at top, water kegs or barrels, heavy canvas wagon- 
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covers with bows for supporting same, lash-ropes for tying 
packs on wagons. 

The amount of forage required by animals doing heavy 
work may be estimated roughly from the following: 


14 lbs. hay or fodder, | ( Hay, when pressed, 11 lbs. 
12 qts. oats, or to-cubic foot, 32 lbs: 


8 qts. corn per horse to, bushel, 25.71 to 
| per day cubic foot. Grain 56 
Ibs. to bushel, 45.02 

[ to cubic foot. 


375. Veterinary Surgery.—Some general remedies should 
be carried for the use of the animals. These may consist 
chiefly of the following: 

Lintments of ammonia or strychnine for external applica- 
tion, as for sprains, by reducing heat without blistering. Soap 
“intments and iodine compounds for external application to 
swellings. 

Cleansing agents for decomposing sores, consisting of sul- 
phate of copper or bluestone or of carbolic acid in weak 
solutions. All excellent for curing ‘‘ scratches.” 

Astringents to diminish the discharge of wounds, as alum 
or sulphate of zinc. 

FHlealing agents for wounds, as collodion and arnica. 

Emollients to soften and relax muscles, as olive oil and 
poultices. 

Cathartics, as Epsom salts, castor-oil, aloes. 

Stimulants for the stomach, as ginger, gentian, and caraway 
seeds. 

For cramps salicylic acid, oil of turpentine. 

Diuretics for bladder and kidneys, as turpentine, sweet 
spirits of niter. 
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376. Blankets and Clothing.—The personal property to 
be carried by each individual of the party will depend neces- 
‘sarily, as do the other articles of the camp outfit, upon the 
mode of transportation and the region in which the party is 
to work. Where wagon transportation is provided and the 
party may carry all essentials, each individual may take a 
small steamer-trunk for his clothing and should roll and strap 
his blankets in the form of a cylindrical bundle in a piece of 
No. 6 canvas or 16-0z. duck. The canvas cover should be 7 
feet long by 6 feet wide, so that when the bed is laid down it 
may rest on half of the canvas to keep out moisture if on the 
ground, and air if on a cot, and the other half of the width of 
canvas should be passed over the bed to protect it from air 
and moisture. 

An excellent mattress consists of a good large comforter 
folded three times endways, the width being about as long as 
a man’s body. Additional wool blankets and a comforter 
should be taken for covering, the number depending upon the 
climate. Sleeping-bags, such as are now sold by dealers in 
sporting goods, furnish the warmest and most comfortable 
bed for almost any condition of camping. 

Where rain is to be encountered a mackintosh or rubber 
coat is of little value. A heavy o7/-slicker is the most 
serviceable garment; and for horseback, leggings and pea- 
jacket of oil-slicker. The most serviceable hat is a heavy, 
wide-brimmed soft felt sombrero or army campaign hat for all 
climates and conditions. The more intense the heat of the 
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sun’s rays and the more penetrating, as in the tropics, the 
heavier should be the head-covering. Under such circum- 
stances a heavy pith helmet may be used; but, be helmet or 
heavy felt sombrero worn, a band made of light linen or India 
silk, folded to about three inches in width and of a length of 
about two yards, should be wrapped around the hat close to 
the brim so as to make a thick pad over the temples to keep 
out the penetrating rays of a tropic sun. 

Rubber boots should never be used even in snow or water. 
In deep snow or intense cold, arctics or a wrapping of gunny- 
sack over the leather shoe may be employed. For climbing 
a shoe is much more comfort- 
able and supple than a boot. i | 
For riding. leather leggings 
may be added, or else water- 
proof leather boots may be 
used. In any event, in cold 


water-proof leather shoes with 
thick extension soles should 
be worn (Fig. 203). In the 
tropics the foot-covering 
should be light and supple, 
but the soles should be heavy 
both to protect the feet from 
moisture and to keep out the 
heat of the soil. Light canvas 
shoes should be carried to rest 
the feet, which easily blister in tropic lands. 

Where much foot-work is done, very heavy, coarse cotton 
socks should be worn. In cold weather heavy woolen socks, 
and in intense cold and deep snow German felt socks, must be 
worn. As asubstitute for leather boots and arctics, felt boots 


Fic. 203.—PLANE-TABLE STATION 
ON MOUNTAIN IN ALASKA. 


may be worn over the German socks. 
In high altitudes the wuderwear should always be of heavy 
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wool regardless of how high the temperature may be in the 
daytime. Medium-weight wool may be carried, and two suits 
be worn, one over the other, in very cold weather. The sudden. 
changes at evening and night render heavy underwear an 
essential to health. In the tropics light silk gauze or a mix-. 
ture of silk and wool underwear should be worn next the skin 
to absorb the moisture of the body. 

For sleeping-clothes, pajamas only should be used, and in 
the tropics especially these should be of light flannel. Also 
in the tropics flannel cholera-bands should be invariably worn 
over the abdomen, and never removed except to change. 

For work in the brush or woods the most satisfactory 
outer garments are made of brown duck, or light overalls may 
be pulled on over woolen trousers. In cold. and windy 
weather, such as is experienced at high altitudes, flannel-lined 
hunting-coats and trousers of duck should be worn, the duck 
keeping out the wind. The best coat for wind protection is 
the blanket-lined leather hunting-coat. A canvas or leather 
hunting-coat, lined or unlined, is a most convenient garment 
for the surveyor because of its numerous pockets. In the 
cold and at high altitudes a woolen sweater should be carried 
or worn in preference to an overcoat (Fig. 203). 

In addition to the above the novice in camping should not 
neglect to take towels, soap, and miscellaneous ¢oz/et articles. 
Where the party is to sleep in the open air, or when the weather 
is very cold, the head should be covered with a knit nightcap 
of worsted, the most satisfactory being the conical toboggan 
cap, which can be pulled down well over the ears and head. 

The lack of a tooth-brush, even in the Arctics, has been 
known to produce sore mouth and gums in one accustomed 
to its use. Toilet-paper is essential, especially in extremely 
hot or cold climates, or piles may result. Camping is at best 
uncleanly, and every effort should be made to keep the person 
and the camp as clean as possible. Even then much dirt will 
have of necessity to be encountered. 


GENERAL HINTS. 853 


377. General Hints on Care of Health.—In camping or 
working in high altitudes the topographer is liable to contract 
a disease known as mountain fever, which is allied to typhoid. 
It is caused chiefly by carelessness in becoming overheated 
under the hot rays of the midday sun and then suddenly 
chilling off in the night air. The precaution already de- 
scribed of covering the head at night and of wearing heavy 
woolen underwear, despite the intensity of the heat at midday, 
will generally suffice to protect the camper from any sickness 
in the healthful climate usually found at high altitudes. 

In the ¢vofics the traveler is liable to sickness from mala- 
rial fevers, dysentery, and cholera. With proper attention to 
food and clothing, if living a healthful outdoor life, one is 
hardly more liable in the tropics than elsewhere to contract 
other diseases than malaria if great care is exercised in carry- 
ing out the following suggestions: 

Wear thick-soled shoes of soft leather, and change or dry 
these, going barefooted meanwhile if necessary, as soon after 
they become wet as practicable. In other words, do not keep 
wet shoes on the feet, and do not wear rubber to protect 
against moisture. If the body become wet from rain or ford- 
ing streams, the clothes should be taken off and dried as.soon 
as possible thereafter. The body should never be allowed to 
steam while covered with drying shoes or clothes. 

Flannel cholera-bands should be worn at all times. Cloth- 
ing worn in the daytime should invariably be changed at 
night for flannel pajamas. The head-covering must be of the 
heaviest, and the protection over the temples should be espe- 
cially heavy. The topographer should not expose himself 
to the direct rays of the sun more than absolutely necessary, 
and where practicable should be shaded by an umbrella. The 
back of the neck should be shaded from the level rays of the 
early morning and late afternoon sun by a cloth veil hung 
from the back of the hat. 

' The camper should sleep in a hammock or on a cot. He 


854 CARE OF HEALTH. 


should, if possible, never go to sleep wet or on wet ground, 
and when this is unavoidable he should endeavor to sleep in 
dry woolen blankets, or, if he must sleep in wet blankets, 
these should be of light wool and should be next his body. 
Above all, the head should always be protected from the 
night dews either by some temporarily improvised shelter, by 
covering with a sheet, or the canvas bed-cover, or mosquito- 
netting fine enough to keep out the moisture. He should 
avoid rising before the sun has dispelled the night dew. 
Early rising is very dangerous in malarious regions. 

Where possible, drinking-water should always be boiled 
and allowed to cool. (Art. 378.) At work it is best to carry 
in the canteen boiled water or thin coffee or tea. Lime-juice 
should be freely used in water which is not boiled. -Weak 
ginger tea made of a thin effusion of Jamaica ginger with a 
little sugar is a palatable and safe beverage, especially where 
the water is alkaline. Unless absolutely unavoidable, water 
which is standing in the sun, especially running water in shallow 
streams, should never be drunk without previously boiling or 
adding whiskey or lime-juice to it. Water should be kept 
shaded from the sun as far as practicable, and only water 
which has stood overnight to cool should be used if possible. 

Water may be kept fairly cool in canteens throughout the 
day if they are heavily covered with one-half inch of woolen 
blanketing shielded outside by heavy canvas. This covering 
should be soaked in the morning, and as it evaporates it keeps 
the canteen water cool. When it dries off it should if possi- 
ble be again soaked, perhaps several times during the course 
of the day. The covering should be omitted on the edges 
under the carrying-strap. 

Heavy foods and flesh foods should be used sparingly. 
Fresh meats once a day and in moderate quantities should be 
eaten to keep up the system, but not more than one such meal 
a day should be consumed. Jerked or sun-dried meat, chipped 
beef, or the ‘‘carne seca” of Spanish America will not pu- 
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trify under the most unfavorable circumstances, and make a 
palatable dish when stewed with canned corned beef, potatoes, 
onions, or other vegetables. Bacon may, in spite of the fact 
that it contains fat, be used once a day. Eggs should not 
be indulged in too freely. Cereal foods, as rice, cornmeal, and 
good bread, beans and peas, should be used freely. 

Fresh fruit should be used most carefully and sparingly. 
It may be safely eaten in the morning providing it has been 
picked overnight and allowed to cool in the night air. It 
should never be eaten after ten o’clock in the morning, not 
only because of the heat of the body, but also because the 
fruit itself is hot. It is most dangerous when picked ripe 
from the tree in the hot sun. Not only over-indulgence but 
any indulgence in fresh fruit after the heat of the day has 
come on is most dangerous. Fruit which has-been kept on 
ice or otherwise cooled may be eaten sparingly after sun- 
down. : 

Excess in drinking or eating should be scrupulously avoided 
in all climates. Alcoholic liquors should never be indulged 
in, especially in the tropics, excepting for medicinal purposes. 
Prolonged immersion in bathing should be avoided in all cli- 
mates, especially if the water be cold. <A quick plunge or 
sponge-bath may be indulged in daily in early morning or late 
evening. 

378. Drinking-water.—Nothing is more certain to secure 
endurance and capability of long-continued effort than the 
avoidance of everything as a drink except cold water, and. at 
breakfast a little coffee. The less drunk of these on a long 
tramp the better, since one suffers less in the end by control- 
ling the thirst, however urgent. 

Poisonous matter of many descriptions may be taken into 
the stomach in drinking bad water. Dysentery and malarial 
diseases ensue from its use. With muddy water the remedy 
isto filter; with putrzd water, to boil, to mix with charcoal, or 
expose to the sun and air, or, what is best, to use all three 
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methods at the same time. With sa/¢ water nothing avails 
but distillation. 

Sand, charcoal, sponge, and wool are the substances most 
commonly used in filtering muddy water. A small piece of 
alum or, better, powdered alum is very efficacious in purifying 
water from organic matter, which is precipitated by the alum, 
and left as a deposit in the bottom of the vessel. Above all, 
whenever there is the least uncertainty as to the quality of 
the water, doz/ 7t. Nothing is so sure a preventive of sick- 
ness in camping in warm climates as the exclusive use of 
boiled water for drinking. 

379. Medical Hints.—As the topographer and the ex- 
plorer are frequently so circumstanced as to be unable to 
promptly procure proper mcdical attention, and as the nature 
of their duties is such as to render them liable to certain 
classes of sickness and to violent injury, the following sugges- 
tions have been prepared for the emergency treatment of the 
sick and injured. In all cases of serious illness or of fractured 
limbs the best medical advice procurable must be sought at 
once, however far it may be necessary to seek it or to move 
the patient. In Article 384 is given a list of the most useful 
emergency medicines with their uses and size of dose. 

VMalarial Fevers.—These are, of all diseases, the most 
likely to be contracted in camping in semic-tropic and tropic 
regions. They should be treated by administering 15 to 20 
grains of quinine before the expected attack. This should 
be preceded invariably at first by one to two compound 
cathartic pills. If the dose be given twelve hours previous to 
the renewal of attack, it will have better results. In malarial 
localities a tablespoonful of whiskey with 4 to 6 grains of 
quinine should be taken daily as a tonic. In severe cases of 
malaria there should be given, excepting in the hot stage, 
quinine in doses of 15 grains at intervals of eight hours. A 
Dover's tablet should be given every three hours with quinine 
in obstinate cases of malarial fevers. Wherever possible, 
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even, at the expense of suffering to the patient, he should be 
removed to a higher and dryer situation, if such be accessible. 

Colic is treated by giving 1$ ounces of castor-oil with 20 
drops of tincture of opium. Also it may be treated with 10 
drops of essence of peppermint or a teaspoonful of Jamaica 
ginger in hot water. Hot turpentine fomentations should be 
applied to the abdomen, and 3 grains of calomel and soda 
may be given instead of the castor-oil. 

For Constipation give compound cathartic pills, a saline 
purgative, as Epsom salts, or two tablespoonfuls of castor-oil. 
In obstinate cases, enemas of warm water with olive or castor 
oil or castile soap should be given, the patient meantime 
lying down. ; 

For frostbite moderate friction should be opplied to the 
parts affected. They should not be warmed until recovery 
is well advanced. Where snow is procurable, friction should 
be produced at first with this or with sponges dipped in ice- 
water. As the parts become warmer and less congested they 
should be encased in dry flannel or cotton wool. 

In all cases of Poztsoning vomiting should be at once en- 
couraged. The simplest ways in which to induce it are by 
large draughts of lukewarm mustard-water, ipecacuanha, soapy 
water, or by tickling the throat from the inside. After this 
soothing liquids should be administered, as beaten raw egg, 
flour and water, or milk in large quantities. If the sufferer 
be much depressed and have cold hands or feet, and blue 
lips, some stimulant may be administered, preferably strong 
hot tea or coffee. 

380. Diarrhea and Dysentery.—Errors in diet resulting 
in simple Diarrhea may be treated with a mild laxative of 
castor-oil or cathartic pills. A change of diet should be 
made to milk and well-boiled arrowroot. A glass of port 
wine and brandy with plenty of sugar and nutmeg may also 
be administered occasionally, and the patient be kept as 
quiet as possible. If diarrhea refuses to yield to the above, 
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take 3 grains of calomel and soda at a dose. Should it occur 
after a chill or in localities where dysentery is prevalent, 20 to 
30 drops of chlorodyne should be given, followed at bedtime 
by five Dover's powders. 

Though one of the most feared of all tropical diseases, 
Dysentery yields quite readily to timely treatment. It is most 
commonly caused by sudden or prolonged chills, or results from 
bad drinking-water or food. Symptoms are diarrhea followed 
by irregular and shooting, griping pains, straining and discharge 
of mucus from the bowels. As the disease advances the pains. 
are more distressing and the actions more frequent, the dis- 
charge being tinged with blood.and of most offensive odor. 

This is the first stage of the disease, the treatment of 
which consists of immediate rest in bed and turpentine fomen- 
tations on the abdomen followed by a large linseed poultice. 
A mustard-leaf should be placed on the pit of the stomach 
and 20 drops of tincture of opium in water be administered, 
followed by 20 to 30 grains of ipecacuanha powder mixed in 
water. Fluids should be abstained from to avoid vomiting. 
Repeat ipecacuanha powders twice at intervals of six hours, 
and give five to ten grains of Dover’s powder at bedtime. The 
food during and for some time after the disease should con- 
sist of boiled milk, weak meat broths, and well-boiled arrow- 
root. Beef tea should be avoided as too heavy. 

Where malaria is present 15 grains of quinine may be- 
given in addition to the above. In advanced cases Dover's 
powders should be given instead of ipecacuanha. Diet is all- 
important in this dread disease, as the smallest particle of 
solid food may set up an irritation which will prove fatal. 

381. Drowning and Suffocation.—Drowning may some- 
times be of such duration as to cause natural breathing to 
cease. JZreatmtent consists in the re-establishment of the action 
of breathing by means of artificial respiration. The body 
must be at. once freed from clothing which binds about the 
neck, chest, and waist and be ¢urned on the face, a finger being 
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thrust into the mouth and swept around to remove anything 
which may have accumulated there. Respiration may then 
be restored by Sylvester's method, which is as follows: 

The body is /azd out flat on the back, witha folded blanket, 
shawl, coat, or stick of wood under the shoulders, so as to 
‘cause the neck to be stretched out and the chin to be carried 
far away from the chest. The tongue is drawn carefully 
forward out of the mouth by holding it with a cloth. 

Some one now places himself on his knees behind the head, 
seizes both arms near the elbows, and sweeps them round 
horizontally, away from the body and over the head until 
they meet above it; when a good, strong pull is made upon 
them and kept up for a few seconds. This effects an zusprra- 
tion—fills the lungs with air—by drawing the chest-wall up 
and so cnlarging the cavity of the chest. 


Fic. 204.—INDUCING ARTIFICIAL RESPIRATION. 


The arms are now swung back to their former position 
‘alongside the chest, making strong pressure against the lower 
ribs, so as to drive the air out of the chest and to effect an act 
of expiration. This need occupy but a second of time. 

If this plan is regularly carried out, it will make about 
sixteen complete acts of respiration in a minute. It should 
be kept up for a long time, until there is no doubt that the 
heart has ceased to beat or until natural respiration is re-estab- 
lished. The cessation of the pulse at the wrist amounts to 
nothing as a sign of death. Often life is present when only a 
‘most acute and practiced ear can detect the sound of the heart. 

Respiration having been re-established, stzmu/anis should 
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be given as soon as they can be swallowed. A teaspoonful 
of whiskey in a tablespoonful of hot water may be given every 
few minutes until the danger point is passed. Warmth must 
‘be secured immediately by any means available, as hot bot- 
tles, plates or bricks, warm blankets and wraps. The body 
must be constantly and effectively rubbed, the direction of 
the rubbing being towards the heart to help the labored cir- 
culation of the blood. Meantime every effort should be con- 
tinued to restore respiration. No attempt should be made 
to remove the patient, unless he be in danger from cold, untik 
-the restoration has been thoroughly accomplished. 

382. Serpent- and Insect-bites.—The bites of Pozsonous 
Snakes demand instant cautertzation or excision of the injured 
part. A handkerchief should be fastened above the wound 
and a stick be passed through it and twisted to prevent the 
poisoned blood from moving towards the trunk and heart. 
It may be well at first to scarify the wound to enable it to 
bleed freely. Some one should then suck it. If practicable, 
the injured part may be soaked in hot water and squeezed to. 
draw the blood out after incision. Immediate application of 
ammonia may be of advantage. The safest procedure of all 
is immediate excision of the part, or cauterization with a 
needle heated to redness. 

Among J/usect-bites, the most annoying are those of the 
chigre. The treatment must be applied immediately and be- 
fore the insect lays its eggs. This consists in anointing the 
bites with a 10% solution of iodoform in collodion. Where 
the pest abounds, each individual should wear close-fitting | 
leggings or top boots, and each day on returning to camp. 
should bathe the whole body with salt water. Lime-juice, 
lemon-juice, kerosene oil, or salt pork rubbed over the infected 
parts of the body prevent the chigres from entering the skin. 
by removing them. . 

383. Surgical Advice.—In cases of Burns or Scalds re- 
move immediately with scissors all clothing about the injured 
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part. Then dress with sweet-oil, castor-oil, or sweet lard, but 
no oil containing salt should be used. Caron-oil, which is a 
mixture of linseed-oil and lime-water, gives the greatest relief, 


In Sprazns of all sorts, as those of the wrists or joints, the 
immediate effort should be to rest the tendons’ by covering 
the. parts with cotton wool followed by a soft, firm bandage. 
Next, the inflammation should be allayed by the application 
of hot water; finally, the absorption of inflammatory products 
should be promoted by friction, kneading of the joint, careful 
motion of it, and alternate hot and cold douching. 

Wounds or Clean Cuts should be treated by bringing the 
edges together after washing with antiseptic solution, and 
then supporting them in that position by long strips of 
adhesive plaster. These should not be applied to the wound, 
but first to one side of it and, drawing the flesh together, to 
the other side so as to bring the cut parts in contact. 

Hemorrhage of Vein-blood should be treated by the eleva- 
tion of the part and the application of cold water, ice, snow, 
salt, or vinegar. In addition to a severe application of cold, 
firm intense pressure should be applied de/ow the wound, and 
this generally suffices to stop it. 

Arterial Hemorrhage, known by the bright color of the 

blood and its spouting in jets, must be controlled from adove, 
i.e., on the side towards the heart, and in the same manner 
as for venous hemorrhage, but by the application of firm 
pressure over the artery, if it can be located—which it fre- 
quently can by noticing its pulsations. Stimulants should 
not be given at all, or with the greatest caution, in case of 
hemorrhage, as they excite the circulation of the blood. 

384. Medicine-chest. No. 1. Tincture of opium: seda- 
tive. Dose, 10 to 30 drops in water, not to be repeated for 
six hours. In diarrhea, dysentery, pleurisy, colic, sleepless- 


ness, etc. 
No. 2. Paregoric: sedative. Dose, 15 to 60 drops in 


water. In colds, coughs, bronchitis. 
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No. 3. Chlorodyne. Dose, 5 to 25 drops in water. In 
seasickness, diarrhea, colic, cramps, spasms, neuralgia. 

No. 4. Zurpentine. For fomentations; to be sprinkled 
on flannels wrung out of boiling water and at once applied to 
the skin. In colic, dysentery, pleurisy, pneumonia. 

No. 5. Carbolic acid. Used in solution and externally 
only: 1 part to 100 parts water to remove foul odors or to 
wash wounds; I part to 20 parts olive- or linseed-oil as an 
application to ulcers, to prevent attacks from insects, to de- 
stroy ticks, etc. 

No. 6. Olive-oil. For use with above; also as a local 
application to burns, etc. 

No. 7. Opium pills, one grain each. Dose, one pill. In 
diarrhea, rupture, spasms, colic, etc. 

No. 8. Dover's powder, in capsules or tablets of five 
grains. Dose, one to two capsules. In bronchitis, coughs, 
colds, pleurisy, dysentery, fevers, etc. 

No. 9. Calomel and soda, in one-grain compressed tablets. 
Dose, 1 to 5 tablets. In torpid liver, disordered stomach, 
liver congestion, pleurisy, diarrhea, etc. 

No. 10. Quinine, in five-grain capsules. Dose, one to 
five capsules. In malarial fevers, etc. 

No. 11. /pecacuanha powder, in five-grain capsules. Dose, 
one to six capsules. In dysentery, especially in the premoni- 
tory or acute stages; also as an emetic after poisons. 

No. 12. Salicylate of soda (purest procurable), in ten- 
grain capsules. Dose, one to eight capsules a day. For 
rheumatism of all kinds. 

No. 13. Vaseline. Yor use as simple ointment. 

No. 14. Permanganate of potash, in two-grain pills. For 
snake-bite, internally ; as surgical wash or as a gargle for sore 
throat, one dissolved in a cup of water; also for snake-bite 
injected hypodermically close to the wound. 

No. 15. Adhesive plaster, tape rolled in tin. 
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No. 16. Mustard, in tin, and mustard-leaves. For counter- 
irritation and as an emetic. 

No. 17. Two clinical thermometers in cases. For certain 
detection of fevers when temperature is noted above ggq° F. 
This invaluable but fragile instrument should be carried in 
duplicate in case of accident. 

No. 18. Several long cotton roller bandages, various 
widths; a rubber bandage and two pairs of triangular band- 
ages for fractures. 

No. 19. Borated lint and absorbent cotton. For dressing 
wounds and sores. 

No. 20. Arrowroot. Asa food after fevers and dysentery 
and after violent vomiting. 

No. 21. Persulphite of iron. Applied to wounds to stop 
violent hemorrhage. 

No, 22. Suz cholera tablets. Yor use in cases of diarrhea, 
‘cholera, etc. Dose, one every two hours until three or four 
have been taken. 

No. 23. Extract of beef (Liebig). For beef tea and broth. 

No. 24. Collodion with 24% salicylic acid. For insect- 
‘stings, skin eruptions, and corns, to be used as a paint. 

No. 25. Collodion with 10% iodoform. To be painted cn 
wounds as a dressing. 

No. 26. Carbolized vaseline. For dressing wounds. 

No. 27. One hypodermic syringe. 

No. 28. One dozen assorted surgical needles and silk. 

No. 29. Styptic cotton. For nose-bleed at high altitudes. 

No. 30. /odoform. Yor dressing wounds and sores, 

No. 31. Vegetable compound cathartic pills, Yor torpid 
liver and constipation. Dose, one to three pills. 

No. 32. Linseed. For poulticing boils, the abdomen, etc. 

No. 33. Castor-oil in capsules. Asa mild laxative or pur- 
‘gative. Dose, one-half to one fluid ounce. | 

No. 34. Bichloride of mercury tablets. For antiseptic wash 
for wounds and sores. 
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385. Uses of Photography in, Surveying.—As a map» 
record alone is insufficient to completely illustrate the results 
of an exploratory survey, requiring for the fuller understand- 
‘ing of the discoveries made a written report as an accompani- 
ment, so also is such a report incomplete unless accompanied: 
by illustrations (Chap. IV). A military reconnaissance must 
likewise be accompanied by a report, and this is made more 
comprehensive, and is often more rapidly and lucidly prepared, 
when illustrated by sketches or photographs (Chap. V). 

The present stage reached in the development of the sci- 
ence of photography is such that any one possessing the qual- 
ifications necessary for the execution of an exploratory, 
geographic, or military reconnaissance could easily acquire the 
skill necessary to make photographs for the proper illus- 
tration of the accompanying report. The varieties of work 
to be executed under such circumstances are many. They 
‘include chiefly outdoor or landscape photography, but in ad- 
dition must frequently be accompanied by illustrations of the- 
‘inhabitants, the fauna and flora, as well as details of the geol- 
ogy of the regions traversed. Finally, photography is now 
“employed quite extensively in the making of topographic sur- 

veys (Chap. XIV), and may be used in determining longi- 


tudes (Chap. XX XVII). 
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386. Cameras.—There are two general types of photo- 
graphic cameras: 

1. The hand camera; 

2. The tripod camera. 

The former are of three general kinds, namely: 

a. Those with lenses having universal focus. 

6. Those which require to be focused by means of a scale 
attached to the camera; and | 

c. Those which, in addition to being used as hand cam- 
eras, may be mounted on tripods and focused as are stand 
cameras. 

The stand camera is mounted upon a tripod by which 
it must always be leveled when used. It is provided with a 
ground glass on which the image sighted can be focused by 
means of a ratchet motion and the bellows attachment of the 
lens. For general exploratory uses the extension bellows 
should be of red Russia leather, as red ants will not eat this. 
According as the rear or front end of the camera is moved by 
the rack motion the camera is said to have a front or back 
focus. In addition it should be possible to move the lens 
vertically through a short space in order to take in images 
which cannot be reached without tilting the camera out of 
level, which should never be done. The lens and the plate- 
holder should both tilt a little to aid in seeing objects with- 
out the range of view. 

Hand cameras are made in all sizes, from those carried in 
‘the pocket, which take pictures 24 by 34 inches, up to those 
which take pictures 5 by 7 inches and are provided with 
all of the refinements which permit of doing the best tripod 
work. Hand cameras, however, are rarely provided with 
a sufficiently fine lens for the highest grade of photographic 
landscape work. For this reason and because the larger hand 
cameras have to be focused and are therefore not so handy 
nor so satisfactory either in manipulation or results as the 
smaller hand cameras of universal focus, the best camera out- 
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fit for the explorer would be a small fixed-focus hand camera 
and a first-class tripod camera. Such a tripod camera should 
be capable of taking pictures either of 5 by 7 or of 63 by 84 
inches, and should be provided with the best combination 
wide and narrow angle lenses procurable. 

For photographic surveying the relative positions of plate 
and lens in the camera must be invariable, and when adjusted 
the plate must be exactly vertical. Accordingly but few of 
the makers are able to supply suitable cameras where the work 
is to be accurately executed. Nearly any camera may be 


readily adapted to the work of reconnaissance surveying by- 


photographic methods when there is oriented upon it a com- 
pass for directions and cross-hairs or needle pointers to fix ini- 
tial directions. 

A scale showing the position of the lens for focusing on 
objects at various distances should be applied to all stand 
cameras in the same manner as it is applied to high-grade 
hand cameras. All good tripod cameras should in addition 
have the position of the universal focus and the corresponding 
stop number, as F 16, etc., marked on the focusing-rack. 
Where the camera is provided with ground glass and oppor- 
tunity permits, this should always be used in focusing. 

The tripod camera requires a focusing-cloth to be thrown 
over the head of the operator when focusing on the ground 
glass, thus producing for him a small dark room in which to 
observe the glass. This focusing-cloth should be of rubber or 
of stout black baize or similar material, having a quantity of 
leaden shot sewn in a’ hem around the edges to prevent its 
being blown about in the wind. An additional ground glass 
should always be carried in the field as a precaution against 
breakage.. Celluloid covered with ground glass substitute 
is useful in case of breakage. If a little powdered emery 
be carried, a glass plate may be cleaned off and the same 
quickly turned into ground glass by rubbing with emery and 
cloth. 
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387. Lenses and their Accessories.—For the ordinary 
purposes of photography there are three classes of lenses, 
namely: 

1. Portrait lenses; 

2. Landscape lenses; 

3. Copying lenses. 

Portrait lenses require a large aperture compared with the 
focal length, so as to admit a large volume of light in the sub- 
dued atmosphere of a room. They are aplanatic; that is, 
they can be used without a stop. They have little ‘depth of 
focus, narrow field, and great rapidity. 

Copying lenses must be achromatic and anastigmatic. They 
should be rapid and rectilinear. 

The type of lens best suited to the purposes of the ex- 
plorer or surveyor is that which may be used for general 
view-work, where great flatness of field is unnecessary and 
distortion must be a minimum. 

There are two general classes of landscape lenses, namely : 

1. Single achromatic lenses ; 

2. Combination lenses. 

The single lens is that most used in instantaneous hand 
cameras, and is of the achromatic converging-meniscus type. 
The flatter the lens the more rapid. The defects of such lenses 
are, distortion of the image, moderate angular view and slow- 
ness, but when used with small stops they have depth of focus. 
and produce crisp negatives. They are nonaplanatic and must 
be used with stops. The defects of the single landscape lens 
are largely corrected by the combination lens, which possesses 
many of the best qualities of the copying lens. Combination 
wide and narrow angle lenses, now made for the best land- 
scape work, will take wide-angle views with the two glasses, 
and narrow-angle views with one glass removed. 

Distortion as applied to lenses is due to the greater refrac- 
tion of the rays from the margin of the lens towards the axis. 
This defect is most pronounced in single lenses without dia- 
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phragms. Aderration is due to the impossibility of obtaining a 
good definition in attempting to focus on the ground glass. 
The image appears as a circular patch of light, decreasing in 
intensity from the center to the edges. It increases as the 
square of the aperture of the lenses, and inversely as its focal 
length. It is of two kinds: 1. Lateral; and 2. Longitudinal. 
As aberration increases so rapidly with the aperture, szops or 
diaphragms are employed to reduce it. Their effect is to cut 
off the marginal rays. In use the camera is focused with a 
large diaphragm, and a smaller one is employed in making the 
exposure. Ina single lens diaphragms are placed in front. 
In combination lenses they are placed between the lenses. As 
the brightness of the image depends upon the quantity of 
light admitted by the diaphragm, it is proportioned to its 
aperture or the square of its diameter. The larger the aper- 
ture the more light admitted. Brightness further varies in- 
versely as the square of the focal length. Thus by doubling 
the focal length the dimensions of the image are doubled and 
the light admitted is distributed over four times the area. 
The brightness of the image is reduced in proportion. 

For the highest type of photographic surveying the lens 
must be (1) rectilinear; (2) free from distortion; (3) it should 
cover an angular field of about sixty degrees, and (4) the 
definition should be uniform over the entire plate. Slowness 
is preferable to rapidity in order to get strength of shades and 
definition. For these purposes what are known as wide-angle 
lenses must be employed. They are doublets of two lenses 
between which is placed the diaphragm. For photographic 
surveying on the Canadian Government a Zeiss anastigmatic 
of F 18 aperture and 14-millimeter focus is preferred. Such 
doublets consist of an achromatic interior in which the flint has 
the higher refractive index. Among rapid rectilinear anas- 
tigmatic combinations are those made from Jena glass. 

When attempting panoramic view-work from the summit 
of a mountain it becomes occasionally desirable to take a 
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more detailed view of some object in the field. This cannot 
be done without approaching more nearly to the object with 
the camera. There is, however, an attachment called a ¢e/e- 
photo combination which consists in the addition of a negative 
or magnifying element in the rear of the combination proper. 
This produces larger images of distant objects, but it must 
be remembered that by reducing the light it necessarily 
reduces the rapidity of the combination lens. 

The lenses supplied with cameras have, as a part of thtir 
construction, some kind of shutter for making both time 
and instantaneous exposures. These are operated by cylin- 
ders in which a piston is actuated by compressed air from a 
hand-bulb. The pressure on this bulb opens and closes the 
shutter. The best shutters are so automatic in their con- 
struction that by setting a pointer to the required speed in 
seconds or fractions of a second, as marked upon it, the 
proper time is given by the shutter upon applying pressure to 
the bulb, or it sets the shutter in the time exposures. 

388. Dry Plates and Films.—The effort in all good 
photographic work is to obtain results full of detail and 
clearly defined. The most difficult operations in photography 
are the procuring of clearly defined landscape views because 
of the character of the light diffused by the atmosphere. As 
a result aerial perspective is much exaggerated as produced 
by photography, because of the strong actinic effect of the 
blue haze through which distance is seen and which speedily 
blurs out the details of the image. The presence of smoke 
or dust in the air contributes to the same result. 

This effect can be eliminated to a certain extent by selec- 
tion of dry plates especially suited to such work. Ordinary 
plates are sensitive to the blue and violet rays only. Ortho- 
chromatic or tsochromatic plates are manufactured which arg 
acted upon by the colors at the other end of the spectrum, 
although the maximum sensitiveness is still to blue and 
violet. By using a screen or ray filter of orange or reddish- 
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orange glass it is possible to exclude the greater volume of 
the light rays other than the green, yellow, and red, and 
such a screen in connection with the orthochromatic plates. 
partly solves the difficulties of photographing through haze. 
All that is required in such a plate is that it be especially 
sensitive to other rays than blue and violet, because these are 
largely cut off by the screen. 

The proportion between direct sunlight and skylight varies 
with the altitude of the sun and with the absorption of the 
atmosphere. Shadows look more intense when the sun is 
high than when it is low. Accordingly, on mountains and 
in general landscape view-work at high elevations the contrast 
is greatest because the atmosphere is very light and the 
coefficient of absorption proportionately small. For this 
reason good photographs of mountain scenery are scarce, and 
also because of the wide contrast ranging from snow and sun- 
light to dark woods and shade. In such work satisfactory 
results can only be expected when orthochromatic plates or 
color screens are used. 

When a subject presenting strong contrast is given long 
exposure to the action of the light, the image appears to 
spread upon the plate. The edges of the high lights merge 
into the shadows by a gradually decreasing tint, according to 
the intensity of the light and the length of the exposure. 
This is called A#alation and is due to the light which has 
passed through the film, striking the rear surface of the 
glass plate and being reflected by it on the back of the film, 
causing there a halo. The remedy of halation is to stop the 
light when it reaches the back surface of the plate by coating 
the latter with some non-actinic material which will absorb 
light. Any kind of opaque material will not do. The coat- 
ing must be in optical contact with the glass, and the refrac- 
tive index of the coating must be the same as that of the 
glass. Such a coating is produced by painting the back of 
the glass with a solution of fine lampblack mixed in sandarac 
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dissolved in alcohol. Nonhalation produced by such a coat- 
ing is rarely necessary in ordinary photography, providing 
one uses dry plates which are orthochromatic. Where, how- 
ever, it is necessary to photograph towards light, as viewing 
in the direction of the sun or towards electric lights at night 
or their reflections, even the best grades of orthochromatic 
nonhalation plate may be reinforced by the aid of the non- 
halation backing. Before developing the. plate so backed, 
the lampblack must be washed off with alcohol. 

The tsochromatic nonhalation plates furnished by the deal- 
ers have been made nonhalation by coating them with two or 
three layers of the silver emulsion. Thus the Seed nonhala- 
tion plates are given a coat of emulsion of 23 sensitometer 
test followed by a second coat of emulsion of 26 sensitometer 
test. Wuerstner triple-coated isochromatic nonhalation plates 
have three coats numbered 1, 2, and 3. The principle on 
which these work is that the light coming from the blue and 
the violet rays makes its way more quickly through the first 
coating, and is impressed upon the second.or third coating at ° 
about the same time that the light coming from the less rapid 
rays reaches the first or second coating. 

Where the best work is attempted in photographing distant 
views, dry plates prepared as above must be used. For the 
general purposes of the photographer, explorer, or military 
photographer, however, where the effort is merely to procure 
a good record of objects seen, the most satisfactory plates 
are the simple single emulsion plates without isochromatic or 
nonhalation character. These may be of glass.or on cut cellu- 
loid films. The latter give excellent results for all practical 
purposes of the amateur photographer. They will not break 
in transportation, are less heavy and bulky than glass, and 
are in every way more satisfactory where compactness of 
outfit is an item. For use in the instantaneous hand camera 
roll films should be used. With the larger sizes of hand 
cameras it is not possible to stretch the film sufficiently, and 
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parts of it are thus out of focus, due to wrinkles in it. The 
best cut films are now prepared with isochromatic nonhalation 
coatings, and give results almost equal to the best glass dry 
plates. 

389. Exposures.—The best results in exposing plates in 
photographic work are to be procured by using slow plates. 
This gives sufficient time to bring out the deep shadows, and 
there is less likelihood of error in properly timing with slow 
than with fast plates. Where the hand camera is used in- 
stantaneous exposures should be made whenever the light will 
permit, the best results only being had with such a camera by 
rapid work. Where landscape work or panoramic work from 
an eminence is to be done, or where detail of a strongly marked 
object is to be brought out, the tripod camera and slow ex- 
posure should be used. . 

For a plate having a speed which, under ordinary con- 
ditions, requires one-fifth of a second for exposure, a small 
fraction of a second overtiming or undertiming affects the plate 
more seriously than in the timing of a five-second plate. In 
the latter case a fraction of a second under timing or overtim- 
ing is of small moment. In exposing a slow plate it is best 
always to err in the direction of overtiming, a little more time 
doing less harm than undertiming. 

The exposure to be given a plate is inversely proportional 
to the intensity of the light illuminating the object. A sub- 
ject requiring an exposure of ten seconds with the intensity 
of light taken as one, will require an exposure of five seconds 
with an intensity of two. The light received by a landscape 
in direct sunshine cunsists of: 1, Direct rays of the sun; 2, 
The light diffused by the sky. Asa result there is considera- 
ble change in the exposures required at the same time of day 
at sea-level and at great altitudes. It has been found that 
there is little change in the exposures required at great eleva- 
tions until the sun approaches the horizon. According to Mr. 
E. Deville, taking the exposure with the sun at the zenith as 
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one second at sea-level, the exposure at 10,000 feet altitude 


will be a trifle under one second. 


With the sun at 40 degrees 


altitude at sea-level, one and one-fourth seconds will be re- 
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at 15 degrees altitude one and one-fourth seconds at 10,000 
feet, three and one-half seconds at sea-level. 

Fig. 205, from Lieut. Reber’s ‘‘ Manual of Photogra- 
phy,’’ shows how the photographic intensity of daylight varies 
with the time of day and of year. Table LXXII, also taken 


‘TABLE UspON It: 
RELATIVE TIMES OF EXPOSURE FOR DIFFERENT STOPS AND 


SU) Cis. 
Landscape with F P Badly 
Open : - Fairly Lighted si 
Stop. Heavy Foliage | Under Trees. 2 Lighted 
P Landscape. | in Poregtound. tegotie lnteriogs, 
1s) 0.25 1.50 150 150 1440 
he 0.50 3.00 300 300 2880 
F 16 1.00 6.00 600 600 5760 
19 3p 4.00 24.00 2400 2400 23040 
F 64. 16.00 96.00 9600 9600 92160 


from Reber, shows the times of exposure required with Vari- 
ous sizes of stop in different subjects. This is arranged on 
the basis of the Carbutt B 16 plate with F 16 stop and normal 
exposure on open landscape on a day when three seconds 
of time is sufficient. Such an exposure is taken as unity. 
Accordingly, opposite F 8 in the table, under badly lighted 
interiors, the exposure 1440 should be multiplied by 3 sec- 
onds, the time given the unit Carbutt B 16 plate. Asa result 
it is found that the time required under these changed condi- 
tions will be 1 hour 28} minutes. If, in experimenting with 
another and faster plate, as Carbutt Eclipse 27, one-fourth of 
a second is required, the proper exposure with the F 64 stop 
on the landscape with foliage would be 96 multiplied by ¢ sec- 
ond, or 24 seconds. Thus by reference to this table and by 
making one experimental exposure the operator may know 
what exposure to give under different conditions. He must 
also keep in mind, however, the time of day and season of the 


DEVELOPING. 875 


year as related to that at which the experimental exposure 
was made. Then by reference to the diagram he will have a 
fair idea of the time required. 

Referring now to the diagram (Fig. 205), if the three-sec- 
ond exposure taken above as unity were made at 5 P.M. in 
March or August, the same subject and plates would require 
but two seconds at 5 P.M. in June. It would require 60 
seconds at the same hour in November or at 7 A.M. in the 
months of March, June, or August. Again, an exposure 
made at 7 P.M. in June would require only as much time as 
one made at 5 P.M. in November. 

Much depends upon the coloring and brilliancy of the ob- 
Ject, especially whether there is much green, yellow, brown, or 
red init. Distinct views require less time than less clearly 
defined ones. Exposures are often made only for distance, 
others for foreground only. For deep shadows long exposure 
is required. 

390. Developing.—Before developing a plate it should be 
cleaned with a camel’s-hair brush to remove dust from the 
surface which would otherwise produce pin-holes in the nega- 
tive. The plate should also have been dusted before placing 
it in the plate-holder before exposure. Where an effort is 
made to obtain the best results, only filtered or boiled water 
or water from melted ice should be used. The developing 
solution should be at a temperature of from 65 to 70 degrees, 
and must never be warmer than this. When water is warm 
enough to cause the emulsion to frill after development, the 
plates will be greatly helped by first flowing over the surface, 
previously wetted with water, astrong solution of alum water, 
The negative should be handled only by the edges, great care 
being taken not to touch the film side. 

Before placing in the developer the plate should have water 
flowed over it to thoroughly wet it, and should be placed 
emulsion side up in the developing tray. The developer should 
then be flowed quickly back and forth over the surface of the 
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film by a sweeping movement, so that no air-bubbles shall col- 
lect on the surface. The wet surface assists the developer in 
spreading evenly. The rocking motion given the tray should 
be continued throughout the process of development. In 
developing ro/l films these should be laid in the tray and then 
held under the faucet and the surface of the film, be swabbed 
with a moist camel’s-hair brush or a bunch of absorbent cot- 
ton. The tray should then be drained and the developer be 
applied. This is not necessary, however, with cut films. 

The high lights in the negative should begin to show in 20 
seconds. If they appear too quickly, the plate has been over- 
exposed and the action of the developer should at once be 
checked. For this purpose, pour off the developer, and if 
necessary wash the plate with a little water. Then begin 
again with a developer to which has been added 10 drops of a 
10 per cent solution of a potassium bromide. If, on the other 
hand, the image does not appear in 30 seconds, the plate is 
probably wnxder-exposed. It is more difficult to bring out the 
detail in an under-exposed plate than to check the develop- 
ment of an over-exposed plate. The details in the under- 
exposed plate may be helped by the use of a little more alkali, 
and the density of the negative may be helped by more reducing 
agent. Long soaking in weak or old developer is the best treat- 
ment. When the high lights develop properly and then 
thicken before the details come out in the remainder of the 
plate, the developer should be diluted with two or three times 
its volume in water, or some bromide solution be added, thus 
permitting the development to proceed slowly. It may 
also be necessary to leave the plate in a weakened developer 
for a half-hour in order to properly bring out the shadows. 

Developing solutions can be purchased of all dealers. For 
easy and safe transportation they are now put up in tablet 
form by Wyeth & Co. of Philadelphia. If one desires to 
prepare his own developer, the following are recommended: 

he more common developer, and perhaps the most valu- 
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able, is the pyrogallic acid solution. This will not keep.well, 
however, excepting in well-corked bottles, and when old 
stains the negative yellow. For the best work fresh devel- 
oper should be mixed for every two or three plates, accord- 
ing to the following formula: 


Crystallized sulphite of soda........120 grains 

Crystallized carbonate of soda....... COn 
(Or Dry granular carbonate of soda...... 30 ‘‘) 

Carbonate’ Of DOtassIamM (26. 5 sus BO mes 


Then add 10 grains of Schering’s or Merck’s pyrogallic acid 
and 10 minims of a 10 per cent solution of bromide of potas- 
sium. 

A pyro solution which will keep for a long time fairly well 
is the following: 


PYRO’ DEVELOPER: 


BIS LIUEC. OR ACC AVALEL Sid oo is in ts orcs 1O ounces 

RE ACI wae ais eee ne bins oft,» iran ats 8 = 15 grains 
MOOT PHUTe ACI orice. s coun s o's ~weme'? Se ininims) 

Bromide of potassium.......... .. 30 grains 


Then add one ounce of Schering’s or Merck’s pyrogallic 
acid and enough water to make 16 fluid ounces. 

An alkali solution for helping out the details of under- 
exposed negatives is the following: 


ALKALI SOLUTION. 


Distilled: Waele ee a )sielnerels etme o' 16 ounces 
Sulphite of sodium, crystals....-..- Age a 
Carbonate of sodium, crystals...... 2 eae 
Carbonate of potassium. 4.00.05 a. Tere? 


A developer which keeps better than the pyro and is less 
liable to stain when old is the following: 
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EIKO CUM HYDRO DEVELOPER. 
SOLUTION NO. I. 


Distilledswatert.gehinctee os... opieietserers 32 ounces 
Sulphite of sodium, crystals......- Ach hiss 
EICOnogeny us ocuveinenst . snoleteattid. <8 33O Stains 
Fly drochinonge.scte- satts« sete Sie ee OO mainte 
SOLUTION NO. 2. 
Distilled water-.-.--+.-.-- -»-- wien 22 OUNCES 
Catbonate of-soda, crystals® 32) => oes 
Carbonate of potassium...........- Sens 


' For instantaneous exposures take 4 ounces of water, I 
ounce of No. 1 and 1 ounce of No. 2; for normal exposures 
on rapid plates, 3 ounces of water, I ounce of No. 1 and $ 
ounce of No. 2; for normal exposures on slow plates, 4 
ounces of water, 1 ounce of No. 1 and # ounce of No. 2. 

391. Fixing.—After the negative has been developed it 
must be washed, preferably under the faucet, until all the de- 
veloper has been removed. It is then placed immediately in 
a clearing and fixing bath, which may be prepared as follows: 


SOLUTION A. 


Warm distilled water. Wer. 2 ee. 48 Ounces 

Hy posulphiteofsadary. 25.5 se AS LOM 
SOLUTION B, 

Crystallized sulphite of soda....... 2 ounces 

Watt )distilledowa teGus ieee CO mmmne 


Add 1 dram of sulphuric acid to 2 ounces of water and 
pour into B solution. This latter mixture should then be 
added to the hyposulphite or A solution. Before using the 
fixing-bath dissolve 1 ounce of chrome alum to 8 ounces of 
water and add this to it. This fixer will last a long while 
and may be used over and over. It both clears and hardens 
the negative. An inferior fixing-bath consists simply of hypo- 
sulphite of soda dissolved in 4 parts of water. 
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The negative should be left in the fixer about five minutes 
after the white milky bromide of silver has entirely disap- 
peared from the film. Then it should be washed for three- 
quarters of an hour in running water and placed in a rack to 
dry. If for any reason rapid drying is necessary, this may be 
accomplished by flowing methyl alcohol or wood alcohol 
over the negative two or three times, which will take up the 
water. In hot weather a bath consisting of a solution of alum 
in water should be used both before and after fixing. If the 
negative is not sufficiently dense for printing, it should, after 
thoroughly washing the last traces of hyposulphite, be placed 
in an intensifying solution. 

A good intensifier is a weak solution of equal parts of mer- © 
curic chloride (corrosive sublimate) and chloride of ammonium, 
and this should be flowed over the plate until its surface is 
slightly chalky; the longer the solution is used the denser 
will the plate become. Afterwards it should be washed with 
water, then with a weak solution of chloride of ammonium 
and, after being thoroughly washed, immersed in a bath of 
10 minims of strong ammonia to each ounce of water until 
the plate blackens throughout, when it should be washed and 
dried inarack. To diminish the density of an overdeveloped 
negative, treat the plate with one part of saturated solution 
of potassium ferricyanide mixed with ten parts of IO per cent 
solution of hyposulphite of soda. 

The following tabular arrangement from Reber is an index 
to the various causes of defects in negatives: 


Defects in Negatives. Cause. 

I. Fog. Over-exposure; white light entering 
camera or dark room; unsafe de- 
veloping light ; old and decomposed 
developer; silver nitrate or hypo- 
sulphite of soda in developer ; de- 
veloper too warm; too much alkali 
and not enough bromide in de- 
veloper. 
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Defects in Negatives. Cause. 
2. Weak negatives with clear 
shadows. Under-development. 
3. Strong with clear shadows. Under-exposure. 
4. Weak negative with details well 
out in shadows. Over-exposure and incorrect de_ 
velopment. 
5. Too much density. Developer too strong or too warm, 
or too long applied. ; 
6. Fine transparent lines. Using too stiff a brush in dusting 


plates, or slide of plate-holder rubs 
against the surface of the plates or 


films. 

7. Round transparent spots. Air-bubbles on plate during develop- 
ment, or defects in emulsion. 

8. Pin-holes. Dust or muddy water. 

g. Yellow stains. Old developer or washing insuffi- 

cient to eliminate hypo. 

10. Mottled negatives. Precipitation from old hyposulphite 
bath containing alum. 

11. Crystallization on negative. Imperfect elimination of hypo. 

12. Halation. Reflection into emulsion by the glass 


back of the light transmitted 
through emulsion. May be pre- 
vented by coating the back of neg- 
ative with a black wash, or by using 
an emulsion of such thickness as to 
absorb all light falling on it. 


392. Printing and Toning.—Various papers for printing 
can be procured of photographic-supply dealers. Special 
papers, as bromide paper for dead-black prints or platinum 
paper for black or sepia prints, are accompanied by full descrip- 
tions for printing. The common photographic print is made 
on silver or albumen paper, and also can be obtained more 
cheaply and satisfactorily from the manufacturers than it can 
be made, and it also is accompanied by descriptions of the 
method of printing. | 

It is better to varnish the negative before printing in order 
to prevent scratching or otherwise injuring the film. The 
following is a good, tough, hard and durable varnish: 


PRINTING AND TONING. ’ SSI 


NEGATIVE VARNISH. 


Si IkG NYS ae ade ace Lh a dete aa Rae 14 ounces 


OGSELG MOE ct dae fsa eG wos owas 
inc urpontiMe. 26.8 os. eve oer | rf 
Sa Le Ni abl ea ae am aa a oe a 
WETICE HUME DC UNION 6s te. 6 ose vss 4 ast ie 
Cc SHY OD Pe yea Ales 9s ap a 20 grains 
“NSE LICH: ss cy ae rel igh ec pea 20 ounce 


To print, the negative is placed in the printing-frame, film 
side up, and back of this is placed a piece of sensitized paper 
of the same size as the negative, with the silver side down or 
facing the negative. The whole is backed by blotting-paper 
to fill the frame, which is at once closed and stood on edge in 
such manner as to expose it to the direct rays of the sun. 
The printing should continue until the shadows bronze out 
well, the operator keeping in mind that the print will be less 
strong when toned and fixed. In examining the print this 
should be done only in subdued light, great care being taken 
to raise only one-half of the back at a time and not to let the 
negative or paper slip. Where the best class of work is at- 
tempted the printing should not be done under the direct rays 
of the sun, but under ground glass on a cloudy day, or in 
subdued light, thus procuring softer results. 

After removing the prints from the frames they should be 
kept in a dark box until toned, which should be done within 
24 hours. Prints are not fixed immediately after printing 
because of the disagreeable reddish color produced. To ob- 
viate this, where pleasing effects are desired, the print is first 
toned by placing it in a solution of chloride of gold, the salt 
of which comes in very small sealed bottles and is best kept 
by dissolving it in water in proportion of one grain to the 
ounce. 

To get good purple and black colors immerse in a toning- 
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bath of 9g ounces of water to 1 ounce of gold solution 
neutralized by a little carbonate of sodium until the bath is 
alkaline, as shown by the testing-paper. A rich warm tone 
recommended by Reber is 1 ounce of gold solution to 30 grains 
of acetate of sodium in 8 ounces of water. The longer the 
prints remain in this bath the browner the tone. .The most 
satisfactory results are procured by preparing the bath at least 
a day before using. 

Before toning prints they should be washed face downward 
by laying them in a basin of water until there is no trace of 
cloudiness in the water, each print floating separately by 
itself. The prints should then be laid face up in the fonzng- 
bath separately, the separation being produced by dropping 
the prints one at a time so that there shall bea layer of liquid 
between them. The tray should then be given a gentle rock- 
ing motion until the toning has progressed far enough, when 
the prints should be removed and placed face downward in 
the water to stop the action of the toning solution. A little 
salt added to the water stops the action more quickly and pre- 
vents the tendency to blister. 

After toning and washing, the prints should be put in the 
fixing-bath of 1 part of hyposulphite of soda to 4 parts of 
water, in which they should be left for 15 minutes. When 
fixed the whites will appear colorless and the shadows be free 
from red spots. The fixing-bath will be improved by a dram 
of ammonia added to each 10 ounces of water, as the am- 
monia increases the speed of fixing and prevents blistering. 
After fixing, the prints should be washed in running water 
for several hours to remove every trace of hyposulphite, 
which would otherwise cause the prints to lose brilliancy and 
fade. There can now be procured of all dealers a self-toning 
paper which has only to be put in water and hypo. This 
paper is especially convenient in getting proofs in the field. 

The following table is given by Reber as indicating the 
defects in prints and their causes: 


BLUE-PRINTS AND BLACK-PRINTS. $83 


Defects in Prints. Causes, 
I. Small white spots with black 
center. Dust on paper. 
2. Gray starlike spots. Inorganic matter in paper. 
2. Bronze lines, if straight. Line of stoppage during floating of 
paper. 
4. Bronze lines, curved. * Scum on sensitizing-bath. 
5. Marbled appearance of print. Baths too weak or not floated enough. 


Nore.—3, 4, and 5 refer especially to albumen paper. 


6. Red spots on prints, especially 


in shadows. Marks caused by moist fingers com- 
ing in contact with paper. 
7. Weak prints. Weak negatives. 
8. Harsh prints. Harsh negatives. 
g. Too red a tone. Undertoning. 

10. Cold blue tone. Overtoning. 

11. Streaky prints. Acid toning-bath. 

12. Whites appear yellow. Imperfect washing ; imperfect ton- 
ing; not long enough fixing. 

13. Yellow spots when dry. Imperfect elimination of hypo. 

14. Prints refuse to tone. Gold exhausted from toning-baths, or 
there is hypo in separate toning- 
baths. 

15. Dark, mottled appearance in 

body of paper. Improper fixing in too strong a light. 
16. Blisters. Saline solution between emulsion and 


paper. Can be prevented by salt- 
ing the first wash-water. 


393. Blue-prints and Black-prints.— Both blue-and black- 
print paper can be purchased of dealers in draughting and 
photographic supplies. Blue-print paper can be made readily, 
however, by floating close-grained drawing-paper in a bath of 
I part of ammoniocitrate of iron and 2 parts of water,to which 
is added 1 part of ferricyanide of potassium dissolved in 4 
parts of water. This bath must be kept in the dark and 
used immediately. The paper may then be removed and 
thoroughly saturated and hung up to dry by spring clothes- 
pins. Blue-prints are printed by placing the tracing over the 
blue-print paper and exposing it to direct sunlight. Print- 
ing should continue until the surface is well bronzed or blue, 
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according to the paper used, when it is at once placed in an 
abundance of flowing water and washed until free from all 
blue or yellow. The blue-prints are then either hung up to 


dry or, better still, placed between blotting-paper. 


Black-print paper, or that which produces black lines on 
white paper, may be prepared by immersing drawing-paper in 


the following solution: 


WEARER aii Sic sc act toe Gr oot a enon aan 
Géelating <2) eee ek e 
Solution of perchloride of iron (U.S. 

Din) 225i dere Maced cols ana tenant 
"PALt Ari Cua idea teeneneys kee etek ee 
Berriceulplitaten.. oe: c2 eb 


g ounces 
3 drams 


. 6 drams 


3 drams 


After printing develop in the following solution: 


GralllnGiae i clineeSeyem cal eats. Ricacaeiy ATE 
ALCOR OLR oe sn ea DAs 


Then wash and thoroughly dry. 


Another formula for the same is that given by Mr. 


Howarth Thwaite, and is as follows: 


6 drams 
64 ounces 
32 ounces 


ited Gabeoa ENON Hoe Sis kien 6 Mame Hee Se oe 12 drams 
VEE ire eee b ercae oe AE SE 17 ounces 
Ore aTtaticha Cl Ce wir nieces kee 13 drams 
Water Nore thos Ae eee ae 6 ounces 
overersulOnite so) 1rOl tis: een ee 8 drams 
Nita teriianas ty Suerte ne ame 5 ounces 6-drams 


The paper to be prepared by immersion, separately in 


1 and 2, and to be developed in 3. 


Ce ee 


ee 
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‘Aye, © star factors, 7538 
Aberration, correction for diurnal, 
754 
in lenses, 868 
Abney clinometer hand-level, 357 
Accidental errors, 580 
Accuracy of astronomic positions, 
744 
of base measurement, 516 
of primary traverse, 536 
and probable error of primary tri- 
angulation, 553-592 
Acre, English equivalents of, 673 
Adjusted sketch sheet, 27 
Adjustment of Burt solar, 782 
figure, 616 
general conditions applied to tri- 
angulation, 616 
of group of level circuits, 345 
local conditions applied to trian- 
gulation, 616 
notation used in figure, 618 
of primary traverse to astronomic 
positions, 542 
routine of figure, 617 
routine of station, 612 
of Smith meridian attachment, 786 
station, 610 
of transit. 204 
of traverse, 202 
Adjustments of camera for photo- 
graphic longitudes, 794 
of level, 308 
of telescopic alidade, 159 
Aerial erosion, 11I 
Agonic lines, 222 
Airv, Wilfrid, 490 


Alidade, 49 
adjustments of telescopic, 159 
sight, 36 
solar attachment to telescopic, 
791 


Alidade, manipulation of straight- 
edge of, 178 
Alidades, sight, 161 
telescopic.) 2m, 15") 
Alkali solution in developing, 877 
Altitude, differences of,from vertical 
angulation, 364 
latitude by a measured, 723, 725 
American Ephemeris, 741, 747, 789 
Amphitheater, 131 
Andrews, Horace, 335 
ATIELONG N22) n20rm 20 eS OWE 7 OrTE 
100, 395 
errors of, 395 
sketching contours with, 399 
using the, 396 
Angle equations, 619 
and side equations, solution of, 
625 
corrected spherical, 633 
independent measure of, 586 
measuring by directions, 584 
measuring by repetitions, 584 
measurement of, by series, 586 
methods of measuring horizontal, 
584 
number of repetitions of, 585 
sets of measures of, 587 
Angles, plane, 638 
precautions in measuring horizon- 
tal, 577 
spherical, 638 
vertical, 29, 49 
Angular tachymetry, 272 
Angulation, vertical, 39, 361 
Animals, forage for, 849 
for packing, 837 
Annual magnetic change, 222 
Aparejo for packing, 838 
Aperture of lenses, 868 
Apparent day, 682 
displacement of celestial body, 688 
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Apparent day, motion of heavenly 
bodies, 680 
Aqueous agencies, III 
erosion, III 
Are and time, interconversion of, 
698 
Areas of quadrilaterals of earth’s 
surface, 436 
Arithmetic mean, probable error of, 
607 
Army pack-saddle, 839 
Army wall tent, specifications for, 
by Quartermasters’ Department 
Oh Wie Son SHO 
Art of topographic sketching, 4o 
Artificial respiration, 859 
Astronomer, field-work of geodetic, 
679 
Astronomicchecks on triangulation, 
496 
day, 683 
determinations, accuracy of, 497 
formulas, fundamental, 684 
latitude and longitude, 679 
methods, 678 
notation, 683 
planes of reference, 681 
position, 76 
position, adjustment of primary 
traverse to, 542 
position, cost, speed, and accuracy 
of, 744 
position, reduction 
traverse to, 527 
stations, 34 
terms, definitions of, 679 
transit and zenith telescope, 726 
Astronomy, Chauvenet’s, 678 
Doolittle’s, 678 
geodetic, 679 
Hayford’s Geodetic, 678 
works of reference on, 809 
Atmosphere, boiling of, 348 
Atmospheric pressure, 374 
Attraction, local, 775 
local magnetic, 223 
Austria, scale and cost of survey of, 
75 
Automatic heliotropes, 573 
Autumnal equinox, 681 
Azimuth, 146 
approximate solar, 708 
computation of geodetic, 642 
correction for deviation in, 753 
determination of, 707 
at elongation, 721 
errors, in primary traverse, 528 


of primary 


Azimuth and latitude, determination 
of, with Solar attachment, 789 
of a line, 636 
mark, 707 
observations, reduction of, 720 
observing for, 707 . 
on primary traverse, 535 
zero of, 212, 636 
Azimuths, 76 
correction; for check in primary 
traverse, 539 
factors for computing geodetic, 
649 
of Polaris, 714, 716 
primary, 719 
of secondary accuracy, 712 


Baden, cost and scale of survey of, 67 
survey of, 75 
Bagnall, Gerald, 490 
Bags, sleeping, 850 
Baker, Ira O., 259, 264, 279, 490 
on leveling, 326 
Baker, tin reflecting, 832 
Baldwin, Hai 503 
record of base measurement By 
518 
record of triangulation observa- 
tions by, 589 
Baltimore, survey of, 64, 67, 104, 107 
topographic survey of city of, 490 
Barnard, E. G., 72 
Barometer, 70, 87 
aneroid, 395 
mercurial, 376 
Barometric computation, 
of, 381 
determination of heights, 382 
formula of Laplace, 379 
leveling, 374 
leveling, methods anne accuracy 
of, 375 
notes ‘antl computation, 378 
tables of Guyot, 379, 383 
tables of Williamson, 379 
Bars, compensated base, 507 
Bars and steel tapes, relative merits 
of, for measurement of bases, 
499 
Base apparatus, contact-slide, 508 
Eimbeck duplex, 511 
iced-bar, 511 
Repsold, 514 
Base-bars, compensated, 507 
duplex, 511 
corrected length of, 523 
Base-line, 62 


example 
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Base-line, cost, speed, and accuracy 
of measurement of, 516 
expansion of, 554 
laying out a, 505 
measuring a, 507 
Base map, I 
Base-measuring apparatus, 
of, 498 
Base measurement, 497 
measurement, accuracy of, 497, 498 
measurement, correction of, for 
inclination, 519 
measurement, correction of, for 
sag, 521 
measurement, miscellaneous cor- 
rections to, 526 
measurement, probable error of, 
500, 501 
measurement, record of, 518 
measurement, reduction of, 517 
measurement, relative merits of 
bars and steel tapes for, 499 
measurement, sources of error in, 
498 
measurement 
500 
Base, reduction of, to sea-level, 522 
reduction of broken, to straight 
line, 526 
Base, selection of site for, 497 
summary of measures of sections 
of, 523 
transfer of ends of, to triangula- 
tion signals, 524 
Basin, 131 
Basket, pack, 847 
Bayou? 7) ae 
Beam compass, 478 
Bell odometer, 231 
Bench marks, 57, 316, 321 
Berliner Jahrbuch, 741, 751 
Bessel’s formulas, factors for com- 
puting probable error by, 608 
solution of three-point problem, 
188 
Bites of serpents and insects, 860 
Black-prints of maps, 883 
Blankets, 850 
Blue-prints of maps, 883 
Board of Ordnance and Fortifica- 
tions, report of, 490 
Boards, plane-table, 39, 153 
Bohn, Dr. C., 490 
Boiling of atmosphere, 348 
Boiling-point of water, altitude by, 
402 
Boston level-rod, 313 


with steel tapes, 


kinds 
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Boundary lines, conventional signs 
for, 469 

Bowhill, Maj. J. H., 490 

Brainard, F. R., 809 

Branner, John C., 110, 490 

Bridges-Lee photo-theodolite, 297 

Brough, Bennett H., 490 

Buff and Berger precise level, 328 

Bumstead, A. H., 168 

Burns, 860 

Burt solar attachment, 781 

Butte, 129 


Cable, English equivalents of, 674 
Cadastral city survey, 64 

map, 106 

map of Baltimore, 66, 107 

maps, scales for, 447 

survey, 63 

surveys, 2, 103 

surveys, scale and cost of, 107 
Cadastre, 104 
Cadrer, 104 
Camera, photo-surveying, 298 

and its adjustments for photo- 

graphic longitudes, 794 

platcs, projection of, 301 
Cameras, photographic, 865 
Camp cooking-stove, 831 

equipment, $31 

fire for cooking, 830 

fires, how to build, 830 

ground, an attractive, 815 

ground, selecting and preparing, 

814 

mess-boxes, 831 

mess kit, 831 

stoves, cots, and tables, 827 

subsistence in, 812 

tools, 833 

transportation, wagons for, 836 
Camping, underwear for, 851 
Canal line, topographic survey of, 55 

location, detailed contour survey 


for. 54 
location, topographic survey for, 
52 


preliminary map of, 56 
Canals, location of, 51 
Canteens, 854 
Canvas tent-floor, 826 
Canyon, 115, 119, 129 
Care of health, hints on, 853 
Carpenter, Wm. De Yeaux, 490 
Cartography, 404 
Casting duplicates of model maps, 
485 
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Casts of model maps,materials for, 
486 
Cavalry sketch-board, 164, 284 
sketch-board, sketch-map with, 285 
Celestial body, apparent displace- 
ment of, 688 
latitude and longitude, 679 
Celluloid for plane-table sheets, 175 
Center, reduction to, 608 
Centering, errors of, 579 
Centimeter, 677 
Central projection, Lambert’s sur- 
face-true, 410 
projections, 406 
Chain, 34, 100, 103 
Gunter’s, value of, in meters, 677 
measurements, 53 
traverse, 22 
in traverse, 196 
value of Gunter’s, 674 
Chaining, 234 
Chains, engineers’ and Gunter’s, 234 
Change, magnetic, 222 
Chart, isogonic, 222 
Chauvenet, William, 809 
Chauvenet’s Astronomy, 614, 617, 
678, 733, 747 
Check azimuths, correction for, in 
primary traverse, 539 
Chigres, 860 
Cholera-banJs, 852 
Chronograph, longitude by, 748 
Chronometer, break-circuit, 749 
error, 752 
Chronometers, 76 
longitude by, 745 
Cinches for pack-saddle, 840 
Cinder-cone, 123 
Circuits of levels, adjustment of 
group of, 345 
Circumpolar stars, reduction of ob- 
servations on, 737 
Cistern of mercurial barometer, 376 
City surveys, 62 
Civil day, 683 
time, 683 
time, relations of, to sidereal and 
solar, 695 
Clamp-screws to fasten plane-table 
paper, 177 
Clarkes Gols AveRe1cO 
Cliff, 115, 129 
Clinometer hand-level, Abney, 357 
Clothing, 850 
Coast and Geodetic Survey, United 
States, 63, 67, 222, 280, 343, 418, 
493, 810 
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Coast coefficient of refraction by, 372 
and Geodetic Survey, cost, accur- 
acy, etc., of astronomic posi- 
tions of, 744 
cost, speed, and accuracy of base 
measurement of, 516 
cost and accuracy of triangulation 
of, 592 
duplex base-bars, 511 
level-rods of, 333 
leveling of, 325 
limit of precision in levelingin, 345 
method of leveling by, 332 
plane-table, 153 
solution of three-point problem, 
190 
speed and cost of levels, 351 
standards of measure, 517 
star tables from, 733 
tape sketchers of, 502 
telescopic alidades of, 157 
theodolites of, 555 
Coefficient of refraction, 371 
Colby, B. H., 490 
Colic, 857 
Collimation, error of, 581, 753 
Comparison of time, 774 
Compass, 103 
beam, 478 
-needlein plane-table traverse, 197 
prismatic, 214 ; 
prismatic, on primary triangula- 
tion reconnaissance, 547 
prismatic, for traverse, 196 
Compensated base-bars, 507 
Computation of apparent declina- 
tion of star, 742 
barometric, 378 
of distances, 637 
example of barometric, 381 
of geodetic azimuths, 642 
of geodetic coordinates, 636 
of geodetic latitudes, 643 
of geodetic longitudés, 643 
by latitudes and departures, 212 
of latitudes and longitudes on 
primary traverse, 540 
of longitude, 757 
of photographic longitudes, 801 
of primary traverse, 538 
of trigonometric leveling, 368 
vertical angulation, 363 
Computations, factors for geodetic, 
649 
Computing geodetic 
formulas for, 638 


coordinates, 


1 Comstock, Lt.-Col. C. B., 491 
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‘Condition equations, 604, 612 
Conditions, general, applied to tri- 
angulation adjustment, 616 

local, applied to triangulation ad- 
justment, 616 
. Cones, phase in tin, 560 
Conical projection, equal-spaced, 
415 
projection, equivalent, 415 
projection, intersecting, 414 
projection, Mercator’s, 414 
projection, tangent, 414 
Conical projections, 411, 412 
Connellsville coke map, 67 
‘Constants depending on spheroidal 
figure of earth, 672 
determination of level and mi- 
crometer, 732 
numerical, 672 
of transits, 752 
‘Constipation, 857 
Construction of contours, 460 
of hachure map, 461 
of maps, methods of, 449 
‘Constructive agencies, III 
‘Contact-slide base apparatus, 508 
Contour construction, 451, 460 
Crade. 58, 53 
interval, 63, 450 
lines, 53, 455 
map, 48 
map, shaded, 450, 453 
model maps, 487 
projection, 461 
sketch, 459 
sketching, 18 
survey forcanal location, detailed, 
54 
survey of reservoir site, 59 
Contoured hill, 465 
Contours, 12, 450 
interpolating, 30 
sketch, 452, 455 
sketching, 37 
sketching, with aneroid, 399 
Control, 20 
horizontal, Io 
instrumental, 72 
land survey, 38 
by magnetic traverse with plane- 
table, 199 
plane-table, 23 
from public land lines, 36 
secondary, 34 
sheet, 37 
sheet, triangulation, 24 
topographic, 15 
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Control, traverse, 13 
traverse for primary, 527 
trigonometric, 18 
vertical, ro 
Conventional signs, 463, 467, 469, 
471, 473, 475 
Convergence of meridians, 641 
of meridians, allowance for, in 
primary traverse, 539 
of meridians in map-projection, 405 
Conversion of English and metric 
measures, factors and loga- 
rithms for, 676 
Cooking fire for camp, 830 
outfits for transportation on 
backs, 833 
stove for camp, 831 
Coordinates, formulas for comput- 
ing geodetic, 638 
geodetic, 436, 636 
geographic, 636 
platting by rectangular, 212 
polar, 636 
for projection of maps, 416 
Corners, section, 37 
Corrasion, III, 113, 114 
Corrected length of base, 523 
Correction of instrumental errors, 


580 
of base measurement for inclina- 
tion, 519 


of base measurement for sag, 521 
of base measurement for tempera- 


ture, 518 
Corrections for observers’ errors, 
578 


to primary traverse, 538 


. Correlates, 627 


formation of table of, 614 
substitution in table of, 615, 632 
weighted, 635 
Cost of astronomic positions, 744 
of base measurement, 516 
of cadastral surveys, 107 
of geographic surveys, 74, 75 
of large-scale topographic survey, 
67 
of leveling, 349, 351 
of primary traverse, 536 
of primary triangulation, 592 
Cost and scale of survey of India, 
67, 75 
of topographic surveys, 40 
of transportation, 814 
Cots, camp, 826 
Counting tape-lengths on primary 
traverse, 535 
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Crater, 123 
Crayon-shading, relied by, 450-455, 
457 
Creek, 115, 131 
Crevasse, 125 
Criterion, Pierce’s, 604-606 
Cross-hairs, errors due to.parallax 
of ,*582 
Cross-tree pack- saddle, 838 
Croton water-shed, 67 
Culmination of star or planet, 682 
Culminations of Polaris, times of, 
713 
Culture, 5 
color for representation of, 464 
conventional signs for public and 
private, 467 
Curvature, radius of, 369 
Curvature and refraction, 371, 550 
and refraction, elevation of instru- 
ments to overcome, 550 
and refraction in spirit-leveling, 


347 
and refraction in vertical angula- 
tion, 363 ; 
Cutts, Richard D., 549, 809 
Cuts, 861 


‘Cylinder projection, Mercator’s, 412 
projections, 410 


Dam site, survey of, 58, 61 
Davidson, George, 809 
Day, sidereal, solar, mean, apparent, 
etc., 682 
Declination, 682 
arc of solar, 782 
magnetic, 221 
Declinations of stars, determination 
of apparent, 741 
Definitions of astronomic terms, 679 
Deflection angles in plane-table trav- 
erse, 200 
Departures and latitudes, 210 
and latitudes, computation by, 213 
and latitudes, for plotting transit 
notes, 212 
and latitudes, signs of, 213 
Developing photographicinegativ es; 
875 
Deville, E., 296, 4g1, 872 
Diagram: stadia reduction, 265 
Diamond hitch, throwing the, 841 
Diaphragms for lenses, 868 
Diarrhea, 857 
Diastrophic forms, 121 
processes, III 
Diastrophism, 112 
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| Diaz, Augustin, 491 
Differences in height between appar- 
ent and true level, 549 
of time, determining, 749 
Differential refraction, correction 
for, 738 
Direction theodolites, 555, 5385 
Directions, measuring angles 
584 
Disintegration, I11 
Displacement of celestial body, ap- 
parent, 688 
Distance, errors of measurement of, 
in primary traverse, 529 
Distances, 76 
computation of, 637 
and elevations for stadia readings,. 
250 
on horizontal from inclined stadia 
measures, 249 
inclined stadia reduced to hori- 
zontal by diagram, 264, 266 
with linen tape, 228 
measuring with gradienter, 272 
methods of measuring, 224 
reciprocal] zenith at two Stations, 
360 
by time, 226 
Distortion of lenses, 867 
Ditching tent, 825 
Diurnal aberration, 
734 . . . 
magnetic variation, 222 
Divergence of duplicate level-lines, 
330, 343 
Dividers, proportional, 478 
three-legged, 478 
Division of latitude level, value of, 
735 
Dome, II5 
Doolittle’s 
678, 747 
Double-mounted plane-table paper 
174 
Double leveling, sequence in, 
Double rodded levels, 322 
Double target level-rods, 333 
Double targeted levels, 319 
Doubtful observations, rejection of, 
604 
Douglas, E. M., 231, 809 
on triangulation adjustment, 617 
odometer, 230 
Drafting instruments, 477 


by, 


correction for, 


Practical Astronomy, 
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Drawing, topographic, 449 
Drinking, excess in, 855 
water, 855 
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Drowning, 858 
Dry plates, 869 
- Dulles, Dr. Charles W., 809 
Dune, sand, 127 
Dunnington, A. F., 790 
Duplex base-apparatus of Eimbeck, 
512 
bars, 511 
Duplicate leveling with double rod, 
331 
leveling with single rod, 330 
Dysentery, 857 


Eating, excess in, 855 
Earth’s surface, areas of quadri- 
laterals of, 436 
Ecliptic, plane of, 681 
Eimbeck, Wm., 809 
Eimbeck duplex base-apparatus, 512 
Elongation, azimuth at, 721 
Elongations of Polaris, times of, 713 
Elevation, differences of from, stadia 
measures, 260 
of instrument to overcome curva- 
ture and refraction, 550 
Elevations determined by stadia, 258 
and distances from stadia read- 
ings, 250 
from stadia readings, 249 
Elimination, solution by, 615 
Engineering news, 264 
spirit-leveling, 308 
surveys, 2 
Engineer’s chain, 234 
transit, 203 
transit, azimuth with, 708 
U. S. Army, level-rods of, 333 
U. S. Army, leveling of, 325 
U. S. Army, limit of precision. of 
leveling of, 345 
U. S. Army, methods of leveling 
by, 332 
U. S. Army, speed and cost of 
levels of, 351 
English equivalents of meter, 675 
linear measures, interconversion 
of, 673 
measures, metric equivalents of, 
675 
and metric measures, interconver- 
sion of, 675 
and metric measures, factors and 
logasithms for conversion of, 
676 
square measures, interconversion 
of, 674 
Enthoffer, S., 491 


Sol 


Ephemeris, American, 741, 747, 789 
Equation, correction for personal, 
774 
’ personal, 729 
Equations, angle, 619 
of condition, 604, 612 
formation of normal, 615 
side, 623 
solution of side and angle, 625 
Equator, plane of, 681 
Equatorial parallax, 689 
projections, 408 ; 
projections, central, 408 
projections, orthographic, 408 
projections, stereographic, 409 
Equidistant flat maps, 411 
Equinox, autumnal, 681 
vernal, 681 
Equinoxes, 681 
Equipment for camp, 831 
Equivalents of English measures, 
673 
in metric system, 675 
of meter, English, 675 
scale, 446 
Erosion, 113 
aerial, III 
aqueous, III 
in hard and soft rocks, 120 
Erosive action, 113, I14 
Error of chronometer, 752 
of collimation, 581, 753 
probable of primary traverse, 537 
of run of micrometer, 583 
station, 775 
triangle of, in plane-table resec- 
tion, Igo 
Errors, accidental, 580 
of aneroid, 395 
of centering, 579 
correction of instrumental, 580 
external, 729 
of graduation, 581 
due to inequality of pivots, 582 
instrumental, 729 
leveling, sources of, 339 
of latitude determination, 729 
of observation, 578 
kinds of, 602 
of observers, 729 
and their correction, 578 
due to parallax of cross-hairs, 582 
periodic, 580 
personal, 729 
in photographic 
sources of, 804 
in primary traverse, 528 


longitudes, 
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Errors, systematic, 581 
due to twist in scaffolds, 579 
in vertical triangulation, 370 
Excess, spherical, 619, 638 
Expansion of base line, 554 
Exploratory and geographic sur- 
veys compared, 77 
map, 78, 79, 88, 9, 90 
map making, 23 
maps, scales for, 447 
plane-table and theodolite, 163 
surveys, 3, 76 
surveys, methods and examples 
of, 82 
surveys, use of sextant in, 777 
Exposures, photographic, 872 
External errors, 729 
projections, 407 
Extra-instrumental errors, 578 


Factors for conversion of English 
and metric measures, 676 
for geodetic computations, 649 
for reduction of transit observa- 
tions, 758 
Fall, 115 
Farrier’s kit, 848 
Fathom, English equivalents of, 674 
metric value of, 677 
Fevers, malarial, 856 
Field-work of geodetic astronomer, 
679 
instructions for primary triangu- 
lation, 590 
instructions as to topographic, 12 
of observing latitude, 730 
organization of, 22 
of photographic longitudes, 793 
Figure-adjustment, 616 
notation used in, 618 
routine of, 617 
Figure of earth, constants depend- 
ing on spheroidal, 672 
Figures for primary triangulation, 
548 
Films, celluloid and cut, 869 
cut celluloid, 871 
roll, 871 
Finding the stars, 686 
Fire for cooking in camp, 830 
wood, 830 
Fires, how to build camp, 830 
Fixing negatives, 878 
Flagmen on primary traverse, 532 
Flat, tidal, 127 
Flemer, J. A.; 301, 491 
Flies, specifications for wall-tent, 821 
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Flood-plain, 125 
Flooring, tent, 825 
Fly to wall-tent, 818 
Focusing-cloth, 866 
Food for tropics, 854 
Foot, English equivalents of, 673 
metric equivalents of, 675 
metric value of, 677 
Forage for animals, 849 
Formula for stadia with 
sight, 246 
with perpendicular sight, 243 
Formulas for computing geodetic 
coordinates, 638 
fundamental astronomic, 684 
for trigonometric functions, 594 
Formulas for solution of right- 
angled triangles, 594 
France, survey of, 75 
Fremont, Captain J. C., 78 
Freshfield, Douglas W., 809 
Frome, Lieut.-Gen., 491 


inclined 


- Frostbite, 857 


Frost, effect of, on leveling, 341 

Fruit as food in tropics, 855 

Functions, fundamental formulas 

for trigonometric, 594 

logarithms of trigonometric, 217 
natural trigonometric, 275 
trigonometric, 594 

Furlong, English equivalents of, 673 


Gannett, Henry, 111, 491, 809 
traverse plane-table, 160 
Manual of Topographic Methods, 
730 ; 
Gannett, S. S., computation of base: 
measurement, 520, 524 
Gauss’ logarithmic tables, 214 
Gelbcke, F. A., 401, 491 
Geodesic leveling, 307, 326 
Geodesy, 495 
works of reference on, 809 
Geodetic astronomer, field-work of, 
679 
astronomy, 679 
Astronomy, Hayford’s, 678 
azimuth, computation of, 642 
computations, factors for, 649 
coordinates, 436, 636 
coordinates, formulas for compute 
ing, 638 
latitudes, computation of, 643 
latitude and longitude, 679 
longitudes, computation of, 643 
position, 23, 776 
survey, I, 68 
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Geographic coordinates, 636 
and exploratory surveys 
pared, 77 
map, 80, 81 
map-making, 23 
mapping by traversing, 196 
maps, 70 
maps, features shown on, 72 
maps, scales for, 447 
Teports, 73 
survey, instrumental method, 69 
surveys, I, 4, 68 
surveys, scale and cost of, 74, 75 
Geologic structure, 73 
Geological survey, United States, 
12, 18,40, 71, 75, 82, +87, “105, 
231, 242, 343 
using aneroid on, 396 
barometric leveling of, 375 
bench marks of, 317 
chronometers of, 749 
color-scheme of maps of, 464 
cost, accuracy, etc., of astronomic 
positions of, 745 
cost, speed, and accuracy of base 
measurement, 516 
cost and accuracy of triangulation 
of, 592 
method of topographic surveying, 
20 
instructions for leveling on, 320 
level-rods of, 333 
leveling of, 325 
limit of precision in leveling of, 
345 
long-distance leveling of, 353 
number of sets of measures of an- 
gles of, 588 
plane-table used by, 152 
precise level of, 328 
primary traverse of, 536 
ration list of, 834 
reduction to center by, 608 
screw-clamps for fastening plane- 
table paper, 177 
speed and cost of levels of, 351 
standard scales of, 167 
tape stretchers of, 503 
telescopic alidades of, 158 
theodolites of, 556 
topographers of, 811 
traverse plane-table, 160 
zenith telescope of, 726 
Geology, relations of, to 
raphy, 108 
Geometric locations, 14 
Gilbert, G. K., 380, 491 


‘com- 


topog- 
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Gillespie, Wm., 491 
Glacier, 123 
Glossary of topographic forms, 133 
Gnomonic projections, 406 
Gore, J. H., 809 
Government geographic 
scale and cost of, 74, 75 
surveys, 6 
value of topographic maps to, 6, 
7,8 
Gradation, 112, 113 
Grade contour, 51, 53 
Gradienter, leveling with, 372 
measuring distances with, 274 
Graduation, errors of, 581 
Graphic solution of three-point 
problem, 186 
Great Britain, Ordnance Survey of, 
67, 107 
survey of, 75 
Greenwich time, 747 
Gribble, Theo. Graham, 491 
Gunter’s chain, 234, 674 
value of, in meters, 677 


surveys, 


Gurley, W. & L. E., level-rods of, 


333 
solar, 781 
Guyot, A., 379, 491 
barometric tables, 379, 383 


Hachure Be ye 451 
map, construction of, 461 
Hachured hill, 465 
Hachures, 12, 461 
shaded, 463 
Hachuring, 462 
Hairs, stadia, 239 
Halation in plates, 870 
Hall, W. Carvel, 343, 353 
Hand, English equivalents of, 674 
Hand-level, 29, 355 
Hand recorder, 232 
Handicrafts, knowledge of, 812 
Hardy, A. S., 492 
Haupt, Lewis M., 491 
Hawkins, George T., record and 
reduction cf primary traverse, 
532 
Hayden map, 8: 
Survey, 73, 75 
Hayes, Dr. C. Willard, 112, 122 
Hayford, John F., 809 
Hayford’s Geodetic 
678, 733 
Health, hints on care of, 853 
Heat of sun, effect of on leveling, 


340 


Astronomy, 
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Heavenly bodies, apparent motion 
of, 680 
Hectare, 677 
Heights, barometric determination 
of, 382 
differences in, between apparent 
and true level, 549 
Heliotrope, automatic, 573 
hand-mirror, 570 
steinheil, 572 
telescopic, 570 
Heliotropes, 560, 566 
dimensions of mirrors of, 569 
Hemorrhage, 861 
Hergesheimer, E., 491 
Hilgard, J. E., 491, 810 
Hills; Capt. Eo H 4029 717),.794, SLO 
Hodgkins, W. C., 492 
Homolographie projection, 
weide’s and Babinet’s, 412 
Horizon, 681 
Horizontal control, 10 
parallax, 688 
projections, central, 408 
projections, orthographic, 408 
projections, stereographic, 409 
Horn-protractor, 210 
Hour-angle, 681 
relations of, to time and right as- 
cension, 695 
Hour-circle, 681 
of solar, 782 
Howell, E. E., 483 
Hydrography, 5 
color for representation of, 464 
conventional signs for, 471 
Hiypsography, 5 
color for representation of, 464 
conventional signs for, 473 
Hypsometric survey, 68 
Hypsometry, 305 


Moll- 


Iced-bar base-apparatus, 511 
Inch, English equivalents of, 673 
metric equivalents of, 675 
Inches, length of meter in, 674 
Inclination, correction of base meas- 
urement for, 519 
corrections for, in primary trav- 
erse, 538 
of plane-table board, 181 
Independent measures of angles, 


586 

India, cost and scale of survey of, 
67, 75 ; 

Inequality of pivots, errors due to, 
582 
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Information surveys, 3, 4 
Insect-bites, 860 
Instructions for field-work of pri- 
mary triangulation, 590 
for leveling, 320 
for primary traverse, 533 
to topographer, 8 : 
Instrument, elevation of, to over- 
come curvature and refraction, 
550 . . 
errors in primary traverse, 529 
manipulation of precise leveling, 
B35 
Instrumental control, 72 
Instrumental errors, 578, 729 
errors and their correction, 580 
errors in leveling, 339 
methods in geographic surveys, 69 
Instruments, drafting, 477 
used in primary traverse, 529 
for primary triangulation, 553 
required on primary triangulation 
reconnaissance, 547 
used in topographic surveying, 21 
for triangulation reconnaissance, 
547 
Intensifier for negatives, 879 
Interconversion of English linear 
measures, 673 
of English and metric measures, 
675 
of English square measures, 674 
Interpolating contours, 30 
Intersecting on radial sight- lines, 
149 
Intersection, 182 
locating by, 34 
location by, 182 
on plane-table, 148 
from traverse, 24, 202 
Interval, contour, 450 
Intervals of sidereal and solar time, 
relations of, 695 
Intervisability of triangulation sta- 
tions, 549 
Inverse problem, 646 
Irregular method of topographic 
surveying, 19 
surveying, 93 
Irrigation canal, location of, 53 
Isochromatic plates, 869 
Isogonic chart of United States, 
222 
lines, 222 


Jacob’s staff, 214 
Jacoby, Henry.S., 492 
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Johnson, J. B., 214, 249, 346, 492 

Johnson, Willard D., 91, 156 

Johnson, W. W., 810 

Johnson on leveling, 326 
plane-table movement, 156 


Kern-level, 325 
Kilometer, 677 
Kippax, Hargreaves, 786 


Lagoon, 127 
Lake survey, U. S., base-apparatus, 
514 
coefhcient of refraction by, 372 
Lambert's, equivalent conical pro- 
jection, 415 
Surface-true 
410 
Land lines, control from public, 36 
lines, sketching over public, 37 
Office Manual, U. S., 242 
survey United States, 37 
survey, plats, 37 
survey control, 38 
survey control, topographic map 
on, 41 
survey map, 106 
survey map, United States, 40, 
105, 107 
Landreth, W. B., 242 
Laplace’s barometric formula, 379 
Large areas, projections for maps 
of, 437, 445 
scale maps, 30 
Lash-rope, 839 
Latitude, 7 
approximate solar, 724 
astronomic, 679 
and azimuth, determination of 
with solar attachment, 789 
celestial, 679 
determination, 
cision of, 729 
by differences of zenith distances, 
728 
field-work of observing, 730 
geodetic, 679 
methods of determining, 723 
observations by Talcott’s method, 
corrections to, 738 
from an observed altitude, 725 
reduction of observations for, 743 
Latitudes, computation of geodetic, 
643 
and departures, 210 
and departures, computation of, 
213 


central projection, 


errors and pre- 
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Latitudes and departures, for plat- 
ting transit notes, 212 
and departures, sigus of, 213 
factors for computing geodetic, 
649 
and longitudes, computation of 
on primary traverse, 540 
Least squares, method of, 602 
Lee, Thomas J., 492, 810 
Legendre, rule of, 602 
Length of base, corrected, 523 
Lenses, accessories of, 867 
for cameras, 867 
Lettering, 477 
samples of, 475 
Level, 48, 57 
adjustments of, 308 
bubble, sensitiveness of, 339 
Level circuits, adjustment of group 
of, 345 
constants in latitude observations, 
732 
differences in height between ap- 
parent and true, 549 
error, corrections for, 752 
hand, 29 
lines, divergence of duplicate, 343 
note-books, 322 
precise, 332 
precise spirit, 327 
precise speaking, 335 
rods, double-target, 333 
rods, single-target, 335 
rods, speaking, 270, 313 ° 
spirit, 37, 63 
trier, 752 
value of divisions of latitude, 735 
value of divisions of striding, 
752 
Leveling, 23, 52, 305 
accuracy of trigonometric, 361 
barometric, 374 
computation of trigonometric, 368 
cost of, 349-351 
duplicate with double rod, 331 
with single rod, 330 
effect of atmospheric conditions 
on, 337, 340 
engineering Spirit, 308 
errors of, due to refraction, 342 
geodesic, 326 
geodesic spirit, 307 
with gradienter, 372 
instructions for, 320 
length of sight in, 337 
limit of precision in, 344 
long-distance precise, 352 
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Leveling methods and accuracy of 
barometric, 375 
precise, 307, 325 
rods, target, 311 
sequence in double-rodded, 329 
sources of error in, 339 
speed in, 349-351 
spirit, 34 
thermometric, 402 
trigonometric, 359 
Levelman, work of, 318 
Levels, I51 
divergence in duplicate lines of, 


330 
double-rodded, 322 
double-targeted, 319 
hand, 355 
limit of error allowable in, 321 
method of running single lines of, 
317 
methods of running, 332 
platting profiles of, 324 
plumbing, 321 
precise, 64 
of primary quality, 320 
single-rodded, 320 
spirit, 22, 24 
trigonometric, 70 
Tickay Jew le 492 
Linen tape, 36 
tape distances with, 228 
Linear measures, interconversion of 
English, 673 
Lining-in, 192 
Lippincott, J. B., 53, 55,62, 492 
Lists of stars, 731 
Local attraction, 223, 775 
conditions applied to triangula- 
tion adjustment, 616 
Locating by intersection, 34 
Location of canals, 51 
detailed contour survey for canal, 
54 
by intersection, 182 
of irrigation-canal, 53 
paper, 49 
by resection, 185 
topographic survey for canal, 
52 
Locations, distribution of, 16 
geometric, 14 
number of, 16 
from plane- table traverse, oe 
three-point, 186 
Locke hand-level, using the, 356 
Logarithms for conversion of Eng- 
lish and metrical measures, 676 


Logarithms of numbers, 215 
of trigonometric functions, 217 
Long-distance precise leveling, 352 
Longitude, 76 
astronomic, 679 
celestial, 679 
by chronograph, 748 
by chronometers, 745 
computation, 757 
determination of, 744 
geodetic, 679 
by lunar distances, 746 
Longitudes, computation of gec- 
detic, 643 
factors for computing geodetic, 
649 
field-work of photographic, 793 
and latitudes, computation of, on 
primary traverse, 540 
by photography, computation, 801 
by photography, measurement of 
negative, 797 
by photography, precision of, 


808 
by photography, sources of error 
in, 804 
Lunar distances, longitudes by, 
746 


photography, 76 


McCulloch, E., 264 

McMaster, Jno. B., 492 

Magnetic attraction, local, 223 
declination, 221 
diurnal, secular and annual yvari- 


ation, 222 
needle in plane-table traverse, 
197 


Malarial fevers, 856 
Manual, Gannett’s, 730 
of U.S. Land Office, 242 
Map of Baltimore, 66, 107 
base, I 
cadastral, 106 
of canal, preliminary, 56 
completed topographic, 31 
construction, methods of, 449 
construction, photograph used in, 
293 
construction of hachured, 461 
construction from photographs, 
303 
contour, 48 
correctness of topographic, 15 
exploratory, 78, 79, 88, 89, 90 
geographic, 80, 81 
Hayden, 81 
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Map modeling, 480 
mother, I, 9 
mould of model, 485 
military reconnaissance, 97, 98 
siege, IOI, 102 
topographic, 100, 101 
plane-table sketch, 71 
projecting the photographic, 300 
projection, 405 
public uses of topographic, 6 
reconnaissance sketch with range- 

finder, 285 

shaded contour, 450, 453 
skeleton model, 486 
topographic, 5, 39, 62, 109, 147 
U. S. land survey, 106 
on land survey control, 41 
Wheeler, 80 

Map-making, exploratory, 23 
geographic, 23 

Mapping, traversing for geographic, 


196 
Maps, accuracy desirable in topo- 
graphic, 8 


accuracy of topographic, 9, 15 

blue- and black-prints of, 883 

color-scheme of U. S. geological 
survey, 464 

construction of relief, 480 

coordinates for projection of, 416 

equidistant flat, 4o 

features shown on geographic, 
72 

features shown on topographic, 5 

features shown on geographic, 70 

of large areas, projections for, 
437-445 

large scale, 30 

materials for modeling, 485 

methods of making model, 483 

military, 6 

model, 449 

contour, 487 

materials for casts of, 486 

model and relief, 478 

preliminary, 9 

projections of upon a po.yconic 
development, 418 

reconnaissance, 9 


relief, 449 
scale, cost and relief of geographic, 
75 


scale, cost and relief of detailed 
topographic, 67 

scales for exploratory, geographic, 
topographic, and cadastral, 447 

uses of model, 479 
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Maps, value to government of topo- 
graphic, 6, 7, 8 
value to state of topographic, 6, 
7,8 
Mark, azimuth, 707 
Marks, permanent on primary tra- 
verse, 532, 535 
Station and witness, 575 
surface, 575 
underground, 575 
Marsh, 127 
Mattress for camp, 850 
Mean day, 682 
time, 683 
Measure of base, reduction of, to sea 
level, 522 
Measured base, transfer of ends of 
to signals, 524 
Measuring angles by directions, 584 
by repetitions, 584 
apparatus for bases, kinds of, 498 
a base, 507 
distances with gradienter, 272 
distances with linen tape, 228 
methods of, 224 . 
horizontal angles, methods of, 584 
precautions in, 577 
Measurement of angles 
dently, 586 
by series, 586 
base, 497 
base, accuracy of, 497, 498 
base, correction of, for inclination, 
519 j 
base, correction of, for sag, 521 
base, miscellaneous corrections to, 
526 
base, probable error of, 500, 50r 
base, record of, 518 
base, with steel tapes, 500 
base, sources of error in, 498 
of bases, cost, speed, and accuracy 
of, 516 
of distance, errors of, in primary 
traverse, 529 
by pacing and time, 226 
horizontal stadia, 244 
with odometer, 229 
reduction of base, 517 
reduction of, on slope with stadia, 
248 
with wheel, 229 
Measurements, chain, 53 


indepen- 


Measures of angle, number of sets, 


587 
English 
675 


equivalents of metric, 


898 INDEX 


Measures, factors and logarithms 
for conversion of English and 
metric, 676 

interconversion of English linear, 
673 

metric, 675 

square, 674 

metric equivalents of English, 675 

of sections of base, summary of, 
523 

with stadia, effects of refraction 
on, 266 

with stadia, horizontal distances 
from inclined, 249 

Medical hints, 856 

Medicine chest, 861 

Memoirs, militarv, 93, 102 

Mendell, G. H., 492 

Mendenhall, T. C., 499 

Mens backs, packing on, 845° 

Mercator’s cylinder projection, 412 

Mercator’s conical projection, 414 

projection, 411 
Mercurial barometer, 376 
Meridian attachment, Smith, 785 
reduction to, for latitude, 739 
transits, time by, 703 
zenith distance, latitude by, 723 
Meridians, allowance for conver- 
gence of, in primary traverse, 539 
convergence of, 641 
convergence of, in map-projection, 
405 
Merriman, Mansfield, 810 
on least squares, 614, 617 
Mesa, 129 
Mess-boxes for camp, 831 
kit for camp, 831 
Meter, 677 
English equivalents of the, 675 
length of, in inches, 674 

Meters, conversion of, to statute 

and nautical miles, 676 
value of Gunter’s chain in, 677 

Method of least squares, 602 

Methods, astronomic, 678 

Metric equivalents of English meas- 
ures, 675 

measures, English equivalents of, 
675 

measures, factors and logarithms 
for conversion of English and, 
676 

measures, interconversion of Eng- 
lish and, 675 

Micrometer constants in latitude 
observation, 732 


Micrometer, error of run of, 583 
microscopes, 556 
theodolites, 554 
Microscopes, micrometer, 556 
Middleton, Reginald E., 241, 492° 
Mile, English equivalents of, 673 
metric equivalents of, 675 
Military maps, 6 
memoirs, 93, 102 
reconnaissance map, 97, 98 
sketch, 99 
sketch with guide-map, 95 
sketch without guide-map, 95 
siege-map, IOI, 102 
surveys, 92 
topographic map, 100, 101 
Millimeter, 677 
Mindeleff, Cosmos, 483, 492 
Mirror heliotropes, simple, £70 
Mirrors, dimensions of heliotrope, 
569 
Mississippi River Commission, U.S. 
standard of measure, 517 
Missouri River Commission, U. S. 
standard of measure, 517 
Model contour maps, 487 
duplicating by casting, 485 
maps, 449, 478 
materials for casts of, 486 
methods of making, 483 
mould of, 485 
uses of, 479 
maps, skeleton, 486 
Modeling the map, 480 
maps, materials for, 485 
Models, 479 
Mollweide’s homolographic projec- 
tion, 412 
Moon exposures for photographic 
longitude, 794 
Moore pack-saddle, 839 
Moraine, 123 
Morales y Ramirez, D. Jose Pilar, 492 
Mother-map, I, 9 
Motion, apparent of heavenly bod- 
ies. 680 
Mountain, I15 
range, I3I 
ridge, I17 
volcanic, 123 
Mountains, care of health in, 853 
Mould of model map, 485 
Movements, plane-table, 153 
Myer’s formula for time, 704 


Nadir, 681 . 
Natural logarithm functions, 275 
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Natural sines and cosines, 275 
tangents and cotangents, 277 
Nautical miles, 676 
Neck, 140 
Needle-points, 179 
Needle, traversing with plane-table 
and magnetic, 197 
Negative varnish, S881 
Negatives, defects in, S80 
photographic, 879 
Nevé, 141 
New York level-rod, 313 
Noe, de la and de Margerie E., 492 
Normal equations, 627 
equations, substitution in, 615, 632 
Notation, angle and side, 618 
astronomic, 683 
used in figure-adjustment, 618 
Notch, 14t 
Note-books, 322 
Notes, barometric, 378 
level, 323 
platting transit, 211 
of primary traverse, 536 
of transit traverse, 208 
triangulation, 588 
vertical angulation, 362, 367 
Numbers, logarithms of, 215 
Numerical constants, 672 
Nunatak, I41 


Oblique plane triangles, solution 
of, 597 
Observation, errors of, 578 
kinds of errors of, 602 
Observations on circumpolar stars, 
reduction of, 737 
for latitude, reduction of, 743 
by Talcott’s method, corrections 
to, 738 
rejection of doubtful, 604 
for time, record of, 754 
reduction of, 752 
weighted, 633 
Observed quantity, probable value 
of, 603 
Observers’ errors, 729 
errors, and their correction, 578 
Observing scaffolds, 565 
for time, 751 
Oceanw127 ; 
Ockerson, J. A., 492 
Odometer, 30, 48, 93, 100, 229 
conversion table, 233 
traverse, 21,22, 24 
in traversing, 196 
Ogden, Herbert G., 492 
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Opaque signals, 560 
Open-country sketching, 28 
surveying, 23 

Optical illusions in sketching topog- 
raphy, 44 

Ordnance Survey of Great Britain, 
67, 107, 492 

Organization of field survey, 22 

Orientation, r81, 182 

Orienting traverse plane-table, 198 

Orthochromatic plates, 869 

Orthographic projections, 407 


Paced traverse, 21, 22, 28 
Pacing, 36, 70, 87, 93 
measuring distances by, 224 
in traverse, 196 
Pack animals and saddles, $37 
basket, 847 
cinches, 840 
mule, ability of, as climber, 813 
loading the, 843 
Packing on men's backs, 845 
Packmen. 847 
Palm, English equivalents of, 674 
Panniers, 839 
Pantograph, 477 
Paper, fastening to 
board, 177 
location, 49 
plane-table, 174 
Parallax, 688 
of cross-hairs, errors due to, 582 
of sun, tables of, 691 
Paralle! projections, 407 
Patterson, Lieut.-Col. Wm., 493 
Peak, 131 
Pelletan, A., 493 
Pencil-holders, 179 
Pencil manipulation of, in plane- 
tabling, 178 
sharpeners, 179 
Perkiomen water-shed, 67 
Periodic errors, 580 
Permanent marks on primary trav- 
erse, 535 
Personal equation, 729 
equation, correction for, 774 
errors, 729 
Perspective projections, 406 
Peters; Wm. Ji, 87, 748, 794 
Phase in reflecting signals, 560 
in tin cones, 560 
Philadelphia level-rod, 313 
Photograph used in map-construc- 
tion, 293 
Photographic exposures, 872 


plane-table 
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Photographic longitudes, camera 
and adjustments, 794 
longitudes, computation of, 801 
longitudes, field-work of, 793 
longitudes, measurement of nega- 
tive, 797 
longitudes, precision of, 808 
longitudes, sources of error, 804 
map, projecting the, 300 
negatives, fixing, 878 
prints, defects in, 883 
surveying cameras, 866 
Photographs, developing plates, 875 
fixing and toning, 880 
lunar, 76 
Photography, uses of, in surveying, 
864 ( 
Photo-surveying, 292 
camera and plates, 298 
lenses for, 868 : 
and plane-table surveying com- 
pared, 292 
Photo-theodolite, 297 
Photo-topography, principles of, 296 
Photo-topographic survey,  field- 
work of, 299 
Physiographic processes, I10 
processes, classification of, 112 
Physiography, I1o 
Pierce’s Criterion, 604-606 
Pierce, Josiah, Jr., 181, 493 
Pike, Captain Zebulon M., 77 
Pirating streams, I17 
Pivots, correction for inequality of, 
752 
errors due to inequality of, 582 
Plain, flood, 125 
Plains, sketching, 35 
surveying, 33 
Plane angles, 638 
of ecliptic, 681 
of equator, 681 
survey, 68 
and topographic surveying, 146 
triangles, solution of, 596 
Planes of reference, astronomic, 
681 
Plane-table, 48, 49, 52, 55, 62, 69, 100 
board, 39 
fastening paper to, 177 
inclination of, 181 
Coast survey, 153 
control, 23 
folding exploratory, 163 
Gannett traverse, 160 
intersection on, 148 
location with by intersection, 183 


Plane-table, manipulation of pencil 
and straight-edge on, 178 
movement, Johnson, 156 
movements, 153 
paper, 174 
and photo-surveying compared, 
292 
sheets, preparation of, 175 
range-finding with, 290 
setting up, 180 
sheet, 23 
sketch map, 71 
station on mountains, 851 
surveying, 147 
traverse by deflections, 200 
traverse, locations from, 26 
traverse with magnetic needle, 
197 
traverse, roads resulting from, 26 
triangulation, 12, 23, 24 
triangulation, diagram of, 25 
triangulation, reconnaissance and 
execution of, 149 
triangulation, secondary, 150 
triangulation irom tertiary sketch 
points, 151 
tripods and boards, 153 
Plane-tables, varieties of, 152 
Planet, culmination of star or, 682 
transit of star or, 682 
Plateau, dissected, 129 
Plates, dry, 869 
various photographic, 869 
Plats, land, 37 
Platting paced and timed surveys, 
227 
profiles, 324 
by rectangular coordinates, 212 
transit notes by latitudes and de- 
partures, 212 
with protractor, 210 
Poisoning, 857 
Polar axis of solar, 784 
coordinates, 636 
projections, central, 408 
projections, orthographic, 408 
projections, stereographic, 409 
Poles, specifications for shelter-tent, 
824 
for wall-tent, 822 
Polaris, 76 
azimuths of, 714, 716 
latitude by altitudes of, 723 
times of culminations and elonga- 
tions of, 713 
Polyconic development, projection 
of maps upon, 418 


—— 
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Polyconic projection, 416 
projection, construction of, 416 
Position, geodetic, 23, 776 
Positions, astronomic, 76 
Poweil, John W., 109, 493 
Powell survey, plane-table used on, 
152 
Precautionsin measuring horizontal 
angles, 577 
Precise level, manipulation of, 335 
rods, 332 
leveling, 307, 325 
leveling, long-distance, 352 
levels, 64 
speaking level-rods, 335 
spirit-level, 327 
Precision of latitude determination, 
729 
limit of, in leveling, 344 
of photographic longitudes, 808 
Preliminary maps, 9 
map of canal, 56 
Pressure, atmospheric, 374 
Primary azimuths, 719 
control, traverse for, 527 
triangulation, 37, 545 
triangulation, accuracy and prob- 
able error of, 553-592 : 


triangulation, cost, speed, and 
accuracy of, 592 

triangulation, error of, 496 

triangulation figures, 548 

triangulation, instructions for 


field-work of, 590 
triangulation, instruments for, 553 
triangulation, reconnaissance for, 

546 
triangulation, theodolite for, 554 
traverse, 34, 37 
traverse, adjustment of, to astro- 

nomic positions, 542 
traverse, allowance for convey- 

ance of meridians in, 539 
traverse, azimuth on, 535 
traverse, computation of, 538 
traverse, computation of latitudes 

and longitudes on, 540 
traverse, correction for 

azimuths, 539 
traverse, corrections to, 538 
traverse, cost, speed, and accuracy 

of, 536 
traverse, errors of, 497, 528 
traverse, instructions for, 533 
traverse, instruments used 

529 
traverse, method of running, 531 


check 


in, 


gol 


| Primary traverse, permanent marks 
On, 532, 535 
traverse, personnel of party on, 
532.539 
traverse, record of, 536 
traverse, record and reduction of, 
532 
traverse, tape-lengths on, 535 
Printing photographs, 880 
Prints of photographs, defects in, 
883 
Prismatic compass, 70, 87, 214 
compass on primary triangulation 
reconnaissance, 547 
traverse, 196 
Probable error of arithmetic mean, 
607 
of base measurement, 516 
by Bessel’s formula, factors for 
computing, 608 
in primary triangulation, 553-592 
on primary traverse, 537 
Probable value of an observed quan- 
tity, 603 
Problem, inverse, 646 
three-point, 600 
Profile-platting, 324 
Projection, conical, 411, 412 
construction of polyconic, 416 
of contours, 461 
cylinder, 410 
equal-space conical, 415 
equivalent conical, 415 
intersecting cone, 414 
Lambert's surface-true central, 410 
of maps, coordinates for, 416 
for maps of large areas, 437-445 
of maps upon a polyconic devel- 
opment, 418 
Mercator’s, 411 
conical, 414 
cylinder, 412 
Mollweide’s and Babinet’s homo- 
lographic, 412 
platting triangulation stations on, 
436 
polyconic, 416 
Sanson-Flamsteed, 412 
star, 410 
tables, method of using, 435 
tangent cone, 414 
Projections, map, 405 
central, 406 
horizontal, 408 
polar, 408 
equatorial, 408 
external, 407 
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Projections, gnomonic, 406 
orthographic, 407 
orthographic equatorial, 408 
orthographic horizontal, 408 
polar, 408 
parallel, 407 
perspective, 406 
stereographic, 407 
equatorial, 409 
horizontal, 409 
polar, 409 

Proportional dividers, 478 

Protractor for platting transit notes, 

210 

Protractors, 210 

Provisions, 833 

Prussia, survey of, 75 

Pyro-developing solution, 877 


Quadrilaterals of earth’s surface, 
areas of, 436 

Quadripod signals, 561 

Qualtrough, Lieut. E. F., 810 

Quartermasters’ Department, U. S. 
Army, 280 


Radial lines, intersecting on, 149 
sight-lines, 148 
Radius of curvature, 369 
Railway location, detailed  topo- 
graphic survey for, 49 
location, topography for, 47 
reconnaissance, 47 
topography for, 48 
Range, mountain, 131 
Range-finder, 93, 100 
sketch map with, 285 
surveying with, 283 
for traverse, 284 
Weldon, 286, 288 
Range-finding, 282 
accuracy and difficulties of, 289 
with plane-table, 290 
Ranging-in, 192 
Ration, 833 
Ray-filter, 869 
Raymond, Wm. G.; 493 
Reber, Lieut. Samuel, 810, 874 
Reconnaissance maps, 9 
military, 95 
for plane-table triangulation, 149 
for primary triangulation, 546 
railway, 47 
sketch map with range-finder, 285 
visual, 51 
Record of base measurement, 518 
of primary traverse, 532, 536 


Recor of time observations, 754 
of triangulation observations, 5388 
Recorder, hand, 232 
on primary traverse, 531 
Rectangular coordinates, platting 
hi, Nie 
Reduction of base to sea level, 522 
of broken base to straight, 526 
to center, 608 
of latitude observations, 743 
of primary traverse, 532 
Reference planes of astronomy, 681 
workson geodesy and astronomy 
809 
works on topography, 490. 
Regular method of topographic sur- 
veying, 19 
Reflecting signals, 560 
signals, phase in, 560 
Refraction, 689 
coefficient of, 371 
correction for differential, 738 
and curvature, 37I, 550 
elevation of instruments to over- 
come, 550 
in spirit-leveling, 347 
in vertical angulation, 363 
effects of, on leveling, 342 
effects of, on stadia measures, 266 
Relief, 12 
color for representation of, 464 
conventional signs for, 473 
by crayon-shading, 450-455, 457 
of geographic maps, 75 
maps, 449, 478 
maps, construction of, 480 
representation of, 450 
Repairs to camp-conveyances, 848 
Repeating theodolites, 586 
Repetitions of angles, number of, 
585 
measuring angles by, 584 
Reports, geographic, 73 
Representation of culture, color for, 
464 
of hydrodrophy or water, color 
for, 464 
of hypsography or relief, color 
for, 464 
of woods, color for, 464 
Repsold base-apparatus, 514 
Resecting to obtain position, 150 
Resection, 182, 185 
location by, 185 
triangle of error in, 190 
Reservoir site, contoursurvey of, 5 
survey, 60 ‘ 
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Reservoirs, surveys for, 57 
Residuals, 604 
Respiration, 
859 
Richards, Col. W. H., 493 
Ridge, alluvial, 125 
Right-angled triangles, formulas for 
solution of, 594 
Right ascension, 681 
relations of, to time and hour 
angles, 695 
River, 115, 025 
Roads resulting from  plane-table 
traverse, 26 
Rod, English equivalents of, 673 
Rod-errors in leveling, 342 
Rodman, work of, 317 
Rods, double-target level, 333 
precise level, 332 
precise speaking level, 335 
single-target level, 335 
speaking level, 313 
stadia, 239 j 
stadia and level, 270 
target leveling, 311 
Rood, English equivalents of, 674 
Rope, lash, 839 
Route survey, exploratory, 88, 89 
Rule, slide, 168 
Run of micrometer, error of, 583 
Runge, C., 810 
Running levels, methods of, 332 


restoring artificially, 


Saddler’s kit, 848 
Saddles, pack, 837 
Saegmuller & Co., base-bars, 508 
Safford, 2. He, oro 
Safford’s Catalogue of Stars, 741 
Sag, correction of base measure- 
ment for, 521 
Sand-dune, 127 
Sanson-Flamsteed projection, 412 
Scaffolds, errors due to twist in, 579 
observing, 565 
Scalds, 860 
Scale of cadastral surveys, 107 
of detailed topographic maps, 67 
equivalents, 446 ; 
of geographic surveys, 74, 75 
for platting transit notes, 210 
Scales for exploratory, geographic, 
/ cadastral 
} 


topographic, and 


steel, 478 
Scarp, 131 
Schott, Chas. A., 493, 810 
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Schweizerische Landesvermessung, 
493 
Screw-tacks to fasten plane-table 
paper, 177 
Sea level, reduction of base to, 522 
level, reduction of primary trav- 
erse to, 538 
Secondary azimuths, 712 
control, 34 
plane-table triangulation, 150 
traverse, 35 
Section corners, 37 
Secular magnetic variation, 222 
Self-reading level and stadiarods, 269 
Series, measurement of anglesby,586 
Serpent bites, 860 
Sets of measures of angles, number 
of, 587 
Setting up plane-table, 180 
Dextants oven, 
adjustment of, 778 
parts of, 778 
using the, 780 
Shade-line construction, 451 
Shaded contour map, 450, 453 
hachures, 463 
Shading, relief by crayon, 450, 455, 
457 
Sheet, adjusted sketch, 27 
control, 37 
plane-table, 23 
sketch, 24 
traverse, 24 
triangulation control, 24 
Sheets, sketch, 35 
Shelter-tent poles, specifications for, 
824 
tents, specifications for, 822 
Shutters for lenses, 869 
Sibley tent-stoves, specifications for, 
829 ; 
Side and angle equations, solution 
Ot, 025 
Side equations, 623 
Sidereal day, 682 
time, 683 
time, relations of, 
solar, 695 
time, relations of, to right ascen- 
sion and hour angle, 695 
Siege-map, military, 101, 102 
Sight alidade, 36 
alidade,in plane-table traverse, 197 
alidade, vertical angle, 202 
alidades, 161 
length of, in leveling. 337 
lines, drawing radial, 148 
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Sign, conventional, 467, 469, 471, 
473, 475 
Signals, night, 574 
opaque, 560 
phase in reflecting, 560 
reflecting, 560 
transfer of ents of base to, 524 
triangulation, 559 
tripod and quadripod, 561 
Signs, conventional, 463 
Single-target level-rods, 335 
Site for base, 497 
Skeleton model maps, 486 
Sketch-board, 69, 93 
cavalry, 164, 284 
Sketch contour, 459 
contours, 452, 455 
map, 71 
military reconnaissance, 99 
points, plane-table triangulation 
from tertiary, 151 
sheet, 24 
sheet adjusted, 27 
sheets, 35 
Sketching, 39, 63 
art of topographic, 40 
contours, 18, 37 
with aneroid, 399 
open country, 28 
plains, 35 : 
over public land lines, 37 
quality of, 16 
topographic, 13, 15 
vertical angulation in, 363 
woodland, 35 
Sleeping-bags, 850 
Slide-rule, 168 
uses of, 169 
Slope-board, 55 
Slough, 127 
Smith, Leonard S., 266, 493 
Smith meridian attachment, 785 
Smith, Lieut. IR. S., 493 
Smithsonian Geographical Tables, 
275, 418, 596, 702 
Snake bites, 860 
Sod-cloth for tent, 826 
Solar, adjustment of Burt, 782 
attachment, 781 
attachment to alidade, 791 
Smith meridian, 785 
azimuth, approximate, 70§ 


day, 682 

latitude, approximate, 724 

time, 683 

time, relations of, to sidereal and 
civil, 695 
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Solution by elimination, 615 
Solutions, developing, 876 
Span, value of the, 674 
Speaking level-rods, 313 
level-rods, precise, 335 
stadia and level-rods, 269 
Specht, George G., 492, 493 
Special surveys, 7 
Specifications for Sibley tent-stoves, 
829 
for shelter-tent poles, 824 
for shelter-tents, 822 
for wall-tent poles, 822 
for wall-tents and flies, 820 
Speed of astronomic determinations, 
744 
of base measurement, 516 
in leveling, 349, 351 
of primary traverse, 536 
of primary triangulation, 592 
Spherical angles, 638 
angles, corrected, 633 
excess, 619, 638 
Spheroidal figure of earth, constants 
depending on, 672 
Spirit-level, 37, 63 
lines, 20 
precise, 327 
Spirit-leveling, 34, 306 
engineering, 308 
geodesic, 307 
precise, 307 
Spirit-levels, 22, 24 
SMS AG 
Sprains, 86r 
Square measures, interconversion of 
English, 674 
Stadia, 34, 55, 58, 63, 87. 93 
distances on incline reduced to 
horizontal by diagram, 264, 266 
elevations from, 258 
formula with inclined sight, 246 
formula with perpendicular sight, 
243 
hairs, 239 
measurement on horizontal, 244 
measurement on slope, 248 
measures, 21 
measures, determining horizontal 
distances from inclined, 249 
measures, differences of elevation 
from, 260 
measures, 
on, 266 
readings, distances, and eleva- 
tions from, 250 
readings, elevations from, 249 


effects of refraction 
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Stadia, reduction diagram, 259, 264, 
265, 266 
rods, 239, 269 
rods, speaking, 270 
surveying, 238 
tachymetry with, 238 
tachymetry, accuracy and speed 
of, 240 
traverse, 22, 24, 237 
in traverse, 196 
topography with, 237 
Standard, reduction of base to, 517 
time, 683 
Statsacrors., Aye s.G,. 758 
or planet, culmination of, 682 
projection, 410 
transit of, 682 
Stars, determination of apparent de- 
clinations of, 741 
finding the, 686 
lists of. 731 
Safford’s Catalogue of, 741 
State, value of topographic maps 
£O,10, 75 5 
Station adjustment, 610 
adjustment, routine of, 610 
error, 775 
marks, 575 
Stations, astronomic, 34 
intervisability of, for triangula- 
tion, 549 ' 
triangulation, platting on projec- 
tion, 436 
Statute miles, conversion to meters, 
676 
Steel scales, 478 
Steel tapes, 501 
tapes and bars, relative merits of, 
for measurement of bases, 498 
tapes, base measurement with, 500 
tapes, for measuring in primary 
traverse, 531 
Steinheil heliotrope, 572 
Stereographic projections, 407 
St. Louis, survey of, 104, 107 
Stops to lenses, 868 
Stove, cooking for camp, 831 


Stoves, specifications for Sibley 
tent, 829 
camp, 826 


Straight-edge, manipulation of, in 
plane-tabling, 178 

Stretchers, tape, 501 

Striding-level on alidade, 159 

Subsistence of survey party in field, 
813 

Suffocation, 858 
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Sun, parallax of, 689 
tables for parallax of, 691 
Surface of earth, areas of quadri- 
lateralis on, 436 
forms, representation of, by relief, 
450 
Surgery, veterinar,, 849 
Suryical advice, 860 
Survey of Baltimore, 64, 66, 67, 104, 
107 
Survey, cadastral, 63, 103 
cadastral of city, 64 
of canal line, topographic, 55 
city, 62 
cost of large-scale topographic, 
67 
of dam site, 58, 61 
elements of a topographic, 14 
exploratory route, 88, 89 
field-work of photo-topographic, 
299 
geodetic, 68 
Hayden, 73, 75 
hypsometric, 68 
object of topographic, 5 
organization of field, 22 
plane, 68 
reservoir, 60 
of reservoir site, contour, 59 
of St. Louis, 104, 107 
topographic of city, 64 
town site, 62 
trigonometric, 20 
U. S. land, 40 
of Washington, 63 
Wheeler, 73, 75 
Surveying, economy in topographic, 
22 
Geological Survey method of topo- 
graphic, 20 
instruments used in topographic, 
21 
irregular, 93 
irregular method of topographic, 
19 
methods of topographic, 18 
open-country, 23 
photographic, 292 
photographic, cameras for, 866 
uses of photography in, 864 
plains, 33 
plane and topographic, 146 
plane-table, 147 
with plane-table and camera com- 
pared, 292 
with range-finder, 283 
regular method of topographic, 19 
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Surveying, speed in topographic, 22 
with stadia, 238 
woodland, 33 
Surveyor’s chain, value of, 674 
Surveys, cadastral, 2 
classes of, I 
comparison of exploratory and 
geographic, 77 
cost of topographic, 40 
engineering, 2 
exploratory, 3, 76 
geodetic, I 
geographic, I, 4, 68 
information, 2, 3 


instrumental methods in geo- 
graphic, 69 

methods and examples of explo- 
ratory, 82 


military, 92 
plane-tables used on Geological 
and Powell, 152 
prosecution of topographic, 5 
for reservoirs, 57 
scale and cost of cadastral, 107 
scale and cost of geographic, 74, 75 
special, 7 
use of sextant in exploratory, 777 
topographic, I, 3, 4 
traverse, 195 
United States public land, 107 
Swamp, 125, 127 
Symbols, miscellaneous, 
tional, 469 
Systematic errors, 581 


conven- 


Table of correlates, formation of, 
614 
of correlates, substitution in, 615 
traverse, 36 
Tables, camp, 826 
Tachygraphometer, 280 
Tachymeter, Wagner-Fennel, 280 
Tachymetry, 236 
accuracy and speed of with stadia, 
240 
angular, 272 
with stadia, 238 
Tachymetry, 236 
Talcott’s method, corrections to ob- 
servations for latitude by, 738 
Tangent-cone projection, 414 
Tape, 34 
distances with linen, 228 
lengths, corrections to, in primary 
traverse, 538 
counting on primary traverse, 535 
linen, 36 


Tape-stretcher, simple, 504 
for use on railroads, 504 
stretchers, 501 
Tapemen on primary traverse, 532 
Tapes, base measurement with steel, 
500 
for measuring in primary traverse, 
531 
steel, 501 
and_ bars, relative merits of, for 
measurement of bases, 499 
Target leveling-rods, 311 
stadia and level rods, 269 
Teeple, Jared, 493 
Telephoto combination lenses, 569 
Telescope, astronomic transit and 
zenith, 726 
zenith, 723 
Telescopic alidade, 21 
alidade, adjustments of, 159 
alidade in plane-table traverse, 
200 
alidades, 157 
heliotropes, 570 
Temperature, correction of, to base 
measurement, 518 
correction for, in primary traverse, 
538 . 
Tent-ditching and -flooring, 825 
Tent, erecting the, 825 
sod-cloth, 825 
stoves, specifications for Sibley, 
829 
Tents, 817 
A, 819 
Specifications for flies and wall, 
820 
Tents, specifications for shelter, 822 
for tropics, 819 


wall, 818 
Tertiary plane-table triangulation, 
151 
Theodolite, angular tachymetry 
with, 272 


direction, 555 

micrometer, 554 

small exploratory, 163 

vernier, 554 - 
Theodolites, 76 

direction, 585 

for primary triangulation, 554 

repeating, 584, 586 

of U. S. Coast and Geodetic Sur- 

vey, 555 

of U.S. Geological Survey, 556 
Thermometers, 503 
Thermometric leveling, 402 
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Three-arm protractor, 211 
Three-point problem, 185, 600 
problem, Bessel’s solution of, 188 
problem, coast survey, solution of, 
190 
problem, graphic solution of, 168 
proplem, tracing-paper solution 
of, 187 
Thumb-tacks, 177 
Thwaite, B. Howarth, 884 
Tidal-fiat, 127 
Time, approximate determination 
of, from stars, 705 
approximate from sun, 703 
and arc, interconversion of, 698 
compariscn of, 774 
differences, determining, 749 
determination of, 700 
estimates, 87 
Greenwich, 747 
interconversion of, 695 
intervals, relations of, 695 
mean, sidereal, solar, civil, stand- 
ard, etc., 683 
measurement of distances by, 226 
by meridian transits, 703 
observations, record of, 754 
reduction of, 752 
observing for, 751 
relations of sidereal to right ascen- 
sion and hour angle, 695 
relations of sidereal, solar, 
civil, 695 
by single altitude, 702 
Tin cones, phase in, 560 
Tittmann, O. H., 493 
Toilet articles, 852 
Toning photographs, 880 
Tools, camp, 833 
Topographer, attributes of a skill- 
ful, 811 
Topographer, instructions to, 8 
‘Topographic agencies, I10 
control, 13 
drawing, 449 
field-work, instructions as to, 12 
forms, 72, 73, 120, 121 
forms, classification of, 122 
forms, glossary of, 133 
forms, origin and development 
ot, Tog 
map, 5, 39; 62, 109, 147 
map of Baltimore, 66, 107 
map, completed, 31 
map, construction of, from photo- 
graphs, 303 
map, correctness of, 15 
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Topographic map 
Creek, 85 
map on land survey control, 41 
map, military, too, Ior 
map about Pike’s Peak, 83 
map, public uses of, 6 
map of Yosemite Park, 115 
maps, accuracy of, 9, I5 
maps, accuracy desirable in, 8 
maps, features shown on, 5 
maps, scales for, 447 
maps, scale of detailed, 67 
maps, value of, to government, 6, 
ws 8 
maps, value of, to State, 6, 7, 8 
and plane surveying, 146 
sketching, 13, 15 
sketching, art of, 4o 
survey of canal line, 55 
survey for canal location, 52 
survey of city, 64 
survey, cost of, 40 
survey, cost of large scale, 67 
survey, elements of a, I4 
survey, object of, 5 
surveying, economy in, 22 — 
surveying, Geological Survey, 
method of, 20 
surveying, instruments used in, 
21 
surveying, irregular method of, 
19 
surveying, methods of, 18 
surveying, regular method of, 19 
surveying, speed in, 22 
surveys, I, 3, 4 
surveys, prosecution of, 5 
surveys for railway location, de- 
tailed, 49 
Topography, military, 92 
optical illusions in sketching, 44 
photographic, 296 
for railroads, 48 
for railway location, 47 
reference works on, 490 
relation of, to geology, 108 
with stadia, 237 
Town site survey, 62 
Tracing-paper solution of three- 
point problem, 187 
Dransit, 207 52; 1575 O77 100 
adjustment of, 204 
angular tachymetry with, 272 
astronomic, and zenith telescope, 
726 
constants, 752 
engineers, 203 
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Transit, instrument for measuring 
primary traverse, 531 
notes, example of, 208 
notes, platting with latitudes and 
departures, 212 
notes, platting with protractor, 
210 
observations, factors for reduction 
of, 758 
of star or planet, 682 
traversing with, 207 
Transitman on primary traverse, 
531 
Transits, time by meridian, 703 
Transportation, 113, 114 
on animals, cooking outfit for, 
832 
of camp by wagons, 836 
cost of, 814 
by men, cooking outfit for, 833 
repairs, 848 
of survey party in field, 813 
Traverse, 48, 64, 69 
adjustment of, 202 
adjustment of primary, to astro- 
nomic positions, 542 
allowance for convergence of me- 
ridians in primary, 539 
azimuth on primary, 535 
chain, 22 : 
computation of latitudes and lon- 
gitudes on primary, 540 
computation of primary, 538 
control, 13 
correction for check azimuths in 
primary, 539 
corrections to primary, 538 
cost, speed and accuracy of pri- 
mary, 536 
error Of’primary, 497 
errors in primary, 528 
instructions for primary, 533 
instruments used in, 529 
intersection from, 202 
intersections from, 24 
locations from plane-table, 26 
method of running primary, 531 
odometer, 21, 22, 24 
paced, 21, 22, 28 
permanent marks on, 532 
personnel of party on primary, 
530; 535 
plane-table, Gannett, 160 
with plane-table and magnetic 
needle, 197 
primary, 34, 37 
for primary control, 527 


Traverse, primary, counting tape- 
lengths on, 535 
permanent marks on, 535 
record of primary, 536 
record and reduction of primary, 
532 ; 
roads resulting from plane-table, 
26 
secondary. 35 
sheet, 24 
Stadia, 22, 24 
with stadia, 237 
surveys, 195 
table, 36, 70 
vertical angulation from, 367 
Traversing, 24 
by plane-table and deflections, 
200 
with range-finder, 284 
with transit, 207 
Triangles, right-angled, 
for solution of, 594 
solution of plane, 596 
solution of, with slide rule, 171 
Triangulation, 58, 63, 64, 69, 87, 95 
adjustment, general conditions ap- 
plied to, 616 
adjustment, local conditions ap- 
plied to, 616 
adjustment of traverse to, 202 
astronomic checks on, 496 
control-sheet, 24 
diagram of plane-table, 25 
error of primary, 496 
errors in vertical, 370 
instruments for primary, 553 
net, 616 
observations, record of, 588 
plane-table, 12, 23,24 
primary, 37, 545 
primary, accuracy and probable 
error of, 553-592 
primary, cost, speed and accuracy 
of, 592 
primary, figures, 548, 
primary, instructions for field- 
work of, 590 
primary, theodolite for, 554 
reconnaissance and execution of 
plane-table, 149 
reconnaissance for primary, 546 
reduction of primary traverse to 
primary, 527 
secondary plane-table, 150 
skeleton scheme of plane-table, 
151 
signals, 559 


formulas 
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‘Triangulation, signals, transfer of 
ends of base to, 524 
Stations, intervisability of, 549 
Stations, platting on projection, 
436 
from tertiary sketch-points, I51 
‘Trigonometric control, 18 
functions, 594 
functions, logarithms of, 217 
functions, natural, 275 
functions, fundamental formulas 
of, 594 
leveling, 359 
accuracy of, 361 
computation of, 368 
levels, 70 - 
methods, 7 
survey, 20 
Tropics, care of health in, 853 
fruit in, 855 
tents for, 819 
Tripods, plane-table, 153 
Tripod signals, 561 
Turning points, 315, 321 
Turning-point errors in leveling, 
342 
Twist 
579 
Two-point problem, 193 


in scaffolds, errors due to, 


Umlauff, Friedrich, 406 

Underwear for camping, 851 

United States, Isogonic Chart of, 
222 


Valley, 115 
Van Orden,C. H., 325 
Van Ornum, J. L., 9, 241, 
494 
Varnish, for negatives, 881 
Variation, secular and diurnal mag- 
netic, 222 
Vernal equinox, 681 
Verner, Capt. Willoughby, 94, 284 
Vernier protractor, 211 
theodolites, 554 
Vertical angle, 29 
angle lines, 20, 22 
angle sight-alidade, 161, 202 
angles, 49 
angulation, 39, 361 
angulation, computation, 363 
angulation, differences of altitude 
from, 364 
angulation in sketching, 363 
angulation from traverse, 367 
angulation, control, 10 


266, 493, 
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Vertical 
370 
Veterinary surgery, 849 
Volcanic mountain, 123 
Volcanic neck, 129 
Vulcanic ejecta, 121 
intrusions, I2T 
processes, III 
Vulcanism, 112 


triangulation, errors in, 


Wagner-Fennel tachymeter, 280 
Wagon for moving camp, 837 
Wall-tent with fly, 818 
specifications for, 820 
Walling, Henry oe 492, 494 
Water, altitude by boiling-point of, 
402 
color for representation of, 464 
drinking, 855 
Water-gaps, II7, T1g 
Washington, survey of, 63 
Weathering, 112 
Weighted observations, 633 
Weighting, 633 
Weights, 603 
Weldon range-finder, 286, 288 
Wellington, A. M., 40, 44, 49, 494 
Wharton, Capt. W. J. L., 810 
Wheel measurement, 229 
revolutions, counting, 232 
Wheeler, Capt. Geo. M., 9, 494 
map, 80 
survey, 73, 75 
Williamson, Lieut.-Col. R. S., 494 
Williamson’s barometric tables, 379 
Wilson, H. M., 494 
vertical angle sight-alidade, 161 
Wind-gaps, I1g 
Winds, effect of, on leveling, 341 
Winslow, Arthur, 249, 494 
Winston, Isaac, 494 
Wires, stadia, 239 
Wisner, George Y., 810 
Witness marks, 575 
Wood for fire, 830 
Wooden tent-floor, 826 
Woodland sketching, 35 
surveying, 33 
Woods, color for representation of, 


464 
Woodward, R. S., 258, 418, 494, 501, 
578, 702, 810 


iced-bar base-apparatus, 5II 
Works of reference on geodesy 
and astronomy, 809 
of reference on topography, 490 
Wounds, 861 
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Wright, T. A., 604, 810 Zenith distances, differences of, for — 
on probabilities, 614, 617 latitude, 723 

Wye level, engineers’, 310 distances, latitude by differences 

of, 728 

Yard, English equivalents of, 673 distances, reciprocal at two sta- 
metric equivalents of, 675 tions, 360 

Young & Sons, solar, 781 telescope, 723 

telescope and astronomic transit, 
Zenith, 681 726 


whe 


Established 1845- 


W. & L. E. GURLEY, Troy, N. Y. 


LARGEST MANUFACTURERS IN AMERICA OF 


CIVIL ENGINEERS’ AND SURVEYORS’ INSTRUMENTS. 


Transits, Levels, Compasses, Plane=-Tables, Current-Meters, 
Leveling-Rods, Chains, and Tape-Lines. 


ALSO DEALERS IN 
Anemometers, Barometers, Drawing Instruments and Materials, 
Field-glasses and Telescopes, Prismatic Compasses, Sextants, 
Pedometers, Clinometers, Scientific Books, etc. 


No. 576. Price $159.00. 


The engraving shows what is known as the Johnson Plane-Table 
Movement, complete with large Alidade, Plumbing-arm, and Compass. 

The board is shown as cut away, to give a better view of the tripod 
and movement. In the lower corner is shown the movement alone, with 
a portion cut away to show the construction. 

This movement has been largely used by the topographers of the 
U. S. Geological Survey. 


Our latest i//ustrated Catalogue and Price-list mailed on application. 


GEORGE N. SAEGMULLER, 


(Successor to FAUTH & CO.,) 


WASHINGTON, VD. C. 


Astronomical and Engineering Instruments 


OF THE HIGHEST GRADE. 


“John Wiley & Sons’ Scientific Publications. 


The Elements of Precise Surveying and Gesdesy. By Mansfield 
Merriman. §$vo, cloth, $2.50. 

Text-book of Geodetic Astronomy. By John F. Hayford, C.E., Asso- 
ciate Member American Society of Civil Engineers, Expert Computer, 
Geodesist U. S. Coast and Geodetic Survey. 8vo, cloth, $3.00. 

Elements of Geodesy. For the Use of Students. By Prof. J. H. Gore, 
Columbian University. Third edition, revised and corrected. $8vo, 
cloth, $2.50 

Practical Astronomy. For the Students of the U.S. Military Academy, 
West Point.. By Col. P. S. Michie and Capt. F. S. Harlow. Second 
edition. 8vo, cloth, $3.00, zet: 

The Elements of Theoretical and Descriptive Astronomy. By Chas. 
J. White, A.M., Harvard University. Sixth edition, revised, with ad- 
ditional plates. 8vo, $2 00. 

A Treatise on Practical Astronomy. By Prof. C. L. Doolittle, of Univer- 
sity of Pennsylvannia. Fourth and revised edition. 8vo, cloth, $4.0c. 

Topographical Drawing and Sketching, including Photography 
applied to Surveying. Illustrated with plates, colored and plain. 
By Lieut. Henry A. Reed. Fourth edition. 4to, cloth, $5.00. 

Manual of Topographical Drawing. By Lieut. R. S. Smith, U.S. A., 
late Assistant Professor of Drawing in the U.S. Military Academy. 
Revised and enlarged by Chas. McMillan, C.E., Professor “of. Civil 
Engineering, College of New Jersey. With 12° folding plates, newly 
made (3 colored), and new wood.engravings. Whird edition. 8vo, 
cloth, $2.50. 

Azimuth. By Captain J. E. Craig, U. S. Navy. 30 full-page plates. 
4to, cloth, #3.50. 

The Method of Least Squares. By Mansfield Merriman, Ph.D., Pro- 
fessor of Civil Engineering in Lehigh University. Seventh edition. 
S8vo, cloth, $2.00. 

The Theory of Errors and the Method of Least Squares. By Prof. 
Wm. Woolsey Johnson, U.S. Naval Academy, Annapolis, Md.. 12mo, 
cloth, $1.50. 

Curve Tracing in Cartesian Co-ordinates. By Prof. W. W. Johnson, 
U.S, Naval Academy. Fully illustrated. r12mo, cloth, $1.00. 

Higher Mathematics. A Text-book for Classical and Engineering Col- 
leges. - Edited by Mansfield Merriman and Robert S. Woodward. 
Second Edition, revised. 1 vol., 8vo, cloth, $5.00. 


43-and 45 EAST 19th STREET, NEW YORK CITY. 


SHORT-TITLE CATALOGUE 


OF THE 


PUBLICATIONS 


JOHN WILHY & SONS, 


New YORK. 
Loxpon: CHAPMAN & HALL, Limirep. 


ARRANGED UNDER SUBJECTS. 


Descriptive circulars sent on application. 
Books marked with an asterisk are sold at net prices only. 
All books are bound in cloth unless otherwise stated. 


AGRICULTURE. 
Armsby’s Manual of Cattle-feeding.................... 12mo, $1 
Budd and Hansen’s American Horticultural Manual: 
Part I—Propagation, Culture, and Improvement....12mo, 1 
Part II.—Systematie Pomology. (In preparation.) 

Downing’s Fruits and Fruit-trees of America.............. 8vo, 5 
Grotenfelt’s Principles of Modern Dairy Practice. (Woll.)..12mo, 2 
empjseandscaper Gardening, a. ci sucnyacioe cease eres any ire 12mo, 2 

Maynard’s Landscape Gardening as Applied to Home Decoration. 
12mo, 1 
Sanderson’s Insects Injurious to Staple Crops............ 12mo, . I 
a Insects Injurious to Garden Crops. (In preparation.) 

ss Insects Injuring Fruits. (In preparation.) 
Block prages Rocksiand Sous a. ces eyes hs «ps 0s + ions si ane. ske 8vo, 2 
Woll’s Handbook for Farmers and Dairymen............. lémo, 1 
ARCHITECTURE. 

Baldwin’s Steam Heating for Buildings................ 12mo, 2 
Berg’s Buildings and Structures of American Railroads....4to, 5 
Birkmire’s Planning and Construction of American Theatres.8vo, 3 
ss ‘Architectural Tron-and Steele. «05. 0+: seen oe os 8vo, 3 

Y Compound Riveted Girders as Applied in Buildings. 
~ 8vo, 2 

cS Planning and Construction of High Office Buildings. 
vo, 3 
Skeleton Construction in Buildings.............. 8vo, 3 
Briggs’s Modern American School Buildings............ 8vo, 4 
Carpenter’s Heating and Ventilating of Buildings.........8vo, 4 
Freitag’s Architectural Engineering, 2d Edition, Rewritten.8vo, 3 
SS Fireproofing of Steel Buildings................ 8vo, 2 
Gerhard’s Guide to Sanitary House-inspection............ 16mo, 1 
4% WPheatrevbmesvamd MEATMIGG fe. « ++ © of sc +> us oo a1e 12mo, 1 
Hatfield’s American House Carpenter.............+..00-. 8vo, 5 

Holly’s Carpenters’ and Joiners’ Handbook.............. 18mo, 
Kidder’s Architect’s and Builder’s Pocket-book..16mo, morocco, 4 
Merrill’s Stones for Building and Decoration.............. 8vo, 5 
Monektoms starr] dimgmee ts detains lee tiss cclee o6.,\ne 5 5,0 4to, 4 


75 
50 
00 
00 
50 
50 
50 


50 
50 


Patton’s Practical Treatise on Foundations.............+.. 8vo, 

Siebert and Biggin’s Modern Stone-cutting and Masonry. .8vo, 

Snow’s Principal Species of Wood: Their Characteristic Proper- 
ties. (In preparation.) 


Wait’s Engineering and Architectural Jurisprudence... eae 
cep, 

“ Law of Operations Preliminary to Construction in En- 
gineering and Architecture..............+.sse2+-- 8vo, 

Sheep, 

CS mliaw; Of Contractsicrcwcuiie aici saietectare: or oreeate enero ee tee) 8vo, 
Woodbury’s Fire Protection of Mills.................+---- 8vo, 


Worcester and Atkinson’s Small Hospitals, Establishment and 
Maintenance, and Suggestions for Hospital Architecture, 
with Plans for a Small Hospital.................. 12mo, 

The World’s Columbian Exposition of 1893.......... Large 4to, 


ARMY AND NAVY. 
Bernadou’s Smokeless Powder, Nitro-cellulose, and the Theory 


oft the Cellulose Moléctletn: oss. <...206-s00- 12mo, 

* Bruff’s Text-book Ordnance and Gunnery................ 8vo, 
~ Chase’s Screw Propellers and Marine Propulsion.......... 8vo, 
Graig Aum ut hie secielereiercts stare aletclekstelstaiets tele etee-LottNetel 4to, 
Crehore and Squire’s Polarizing Photo-chronograph...... 8vo, 
Cronkhite’s Gunnery for Non-commissioned Officers..24mo, mor., 
is * Davis’ SHIEM ENS POL Wa Wes suey a) oats cialis] reusieloneerisl oleae oat one 8vo, 
“ Treatise on the Military Law of United States. .8vo, 

is Sheep, 
De Brack’s Cavalry Outpost Duties. (Carr.)....24mo, morocco, 
Dietz’s Soldier’s First Aid Handbook............16mo, morocco, 
* Dredge’s Modern French Artillery.......... 4to, half morocco, 
Durand’s Resistance and Populsion of Ships................8vo, 
* Dyer’s Handbook of Light Artillery.................. 12mo, 
Hissler’s Modern High Explosives..................... .8V0, 
* Fiebeger’s Text-book on Field Fortification........ Small 8vo, 
Hamilton’s The Gunner’s Catechisem................... 18mo, 
* Hofi’s Hlementary Naval Dactiesh 1 ween ss os sles cleus 8vo, 
Ingalls’ s Handbook of Problems in Direct Fire............ 8vo, 
s Ballistic L Tables ssc, eos cre hetate Se aos © Sinaleseteretee 8vo, 
Lyons’s Treatise on-Electromagnetic Phenomena.......... 8vo, 
* Mahan’s Permanent Fortifications. (Mercur.)..8vo, half mor., 
Manual for Courts-martial.................. 16mo, morocco, 
* * Mereur’ s Attack of Fortified Places......... Wifes cists 12mo, 
w Elements of the Art of War..............0000.. 8vo, 
Meteal?s Cost of Manufactures—And the Administration of 
Workshops, Public and Private............ 8vo, 

- y Ordnance: andy Gunneryrryicte isis eects 12mo, 
Murray’s Infantry Drill Regulations.............. 18mo, paper, 
*Phelps’s Practical Marine Surveying.................. 8vo, 
Rowell’syArmy Officer's) Examiner ie. siciee ay. siete 12mo, 
Sharpe’s Art of Subsisting Armies in War...... 18mo, morocco, 
Walke’s) Lectures‘on Explosives... 11 ssneuscem ooo: 8vo, 
* Wheeler’s Siege Operations and Military Mining. . oe OVOS 
Winthrop’s Abridgment of Military Law................ “12mo, 
Woodhull’s Notes on Military Hygiene.................. 16mo, 
Young’s Simple Elements of Navigation........ 16mo, morocco, 
Second Edition, Enlarged and Revised...... 16mo, mor., 


2 


pw oo Oo moO 
S i=) 
i) Oo 


a 
iy) 
oO 


— 


KE DD Pe PD Oro PRN NORP PREP NRWOAMHENNNNONWWwWON 
S 
Oo 


ASSAYING. 


Fletcher’s Practical Instructions in Quantitative Assaying with 


hes Blow pipe cee as 4. Ree Ole ba. 12mo, morocco, 
Furman’s Manual of Practical Assaying...............5.. 8vo, 
MallentseMiamitell Of ASSa VINE Vier. iis aoe vere ssns ee is as oes 12mo, 
O’Driscoll’s Notes on the Treatment of Gold Ores.......... 8vo, 
Ricketts and Miller’s Notes on Assaying.................. 8vo, 
Wilsorms©Cyanide Processes. fo. i 60s. eile. 12mo, 
s Chlorination Procéssts. ae a 9 Ae eae 12mo, 
ASTRONOMY 
Cra gsr A alm Chatie.. ce Rees voces woe de tees ese Te 4to, 
Doolittle’s Treatise on Practical Astronomy................ 8vo, 
Cores Hlementsior Geodesy 04.2. . fl Sas os OP ONE! 8vo, 
Hayford’s Text-book of Geodetic Astronomy.............. 8vo, 
Merriman’s Elements of Precise Surveying and Geodesy... .8vo, 
* Michie and Harlow’s Practical Astronomy.............. 8vo, 
* White’s Elements of Theoretical and Descriptive Astronomy. 
12mo, 
BOTANY. 
Baldwin’s Orchids of New England................. Small 8vo, 
Davenport’s Statistical Methods, with Special Reference to Bio- 
perce ema ria (LOM tars crete a nie es ey oS «/-) + nous 16mo, morocco, 
Thomé and Bennett’s Structural and Physiological Botany. 
16mo, 
Westermaier’s Compendium of General Botany.(Schneider.) 8vo, 
CHEMISTRY. 
Adriance’s Laboratory Calculations and Specific Gravity Tables. 
12mo, 
Allens lables 10r IroneANAal ysis. 5 .xsccetiouetsl costs sk acyaueisteiont 8vo. 
Arnold’s Compendium of Chemistry. (Mandel.) (In preparation.) 
Austen’s Notes for Chemical Student3.................. 12mo, 
‘Bernadou’s Smokeless Powder.—Nitro-cellulose, and Theory of 
the, Cellulose“ Molecule. 52 gis wisyesaie 0s era ats Fseishesoiehed of 12mo, 
BOLTON Ss, QuAaNtitR Liye, ANALYSIS. fol oylncosesers biaueke ofoxsier'ves tune ous 8vo, 
Brush and Penfield’s Manual of Determinative Mineralogy...8vo, 
Classen’s Quantitative Chemical Analysis by Electrolysis. (Her- 
TICK==—BOLL WOO.) oie cis ous susisle'e als one, dus elanoysing teyeuerefa'e lenoh 8vo, 
Cohn’s Indicators and Test-papers...........--2+.se0000% 12mo, 
Craft’s pes Course in Qualitative Chemical Analysis. (Schaef- 
Fs CNT NES OSTEO INC AS SNL MR NE Oe 12mo, 
Drechsel’s Chemical Reactions. (Merrill.).............. 12mo, 
Hissler’s Modern High Explosives.............seseeceseees 8vo, 
Effront’s Enzymes and their Applications. (Prescott.)... ‘8v0, 
Erdmann’s Introduction to Chemical Preparations. (Dunlap.) 
12mo, 
Fletcher’s Practical Instructions in Quantitative Assaying with 
UCDER DOW DiPGss si acor ines bie platen Ah ot,c 12mo, morocco, 
Fowler’s Sewage WiOTKS AMM GOR ng top yesh S- ood ol aa iorte 12mo, 
Fresenius’s Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 
c Manual of Qualitative Chemical Analysis. Part I. 
WSSCrINO TVG.) a (VV CLS.) « duittualarcieaten witce RMY 8vo, 
fo System of Instruction in Quantitative Chemical 
Jems ipy  (UAIIG(S) heciiaedaEsen ope spade soe 8vo, 


Be WN we 


eX) pw Bre p e 


— 


ao w One 


Fuertes’s Water and Public Health.....................- 12mo, 
Furman’s Manual of Practical Assaying...............+.-- 8vo, 
Gill’s Gas and Fuel Analysis for Engineers.............. 12mo, 
Grotenfelt’s Principles of Modern Dairy Practice. (Woll.)..12mo, 
Hammarsten’s Text-book of Physiological Chemistry. (Manteo 
vo, 

Helm’s Principles of Mathematical Chemistry. (Morgan.) 12mo, 
Finds/s inorganic (Chemisticyeenp a tis ea eter be ienoest)ohek 8vo, 
* “ Laboratory Manual for Students.............+. 12mo, 
Holleman’s Text-book of Inorganic Chemistry. (Cooper.) ...8vo, 
3 ann OLc rnc “« (Walker and Mott.) 

(In preparation.) 

Hopkins’s Oil-chemists’ Handbook.................+-++--- 8vo, 
Keeps 4@ast: Irom. tin cescttanenes atsnerseeereor sf olaverein shay ehns «deena 8vo, 
Ladd’s Manual of Quantitative Chemical Analysis........ 12mo, 
Landauer’s Spectrum Analysis. (Tingle.)................. 8vo, 


no We Pp DH oH 


3 
2 
1 
3 


00 


Lassar-Cohn’s Practical Urinary Analysis. (Lorenz.) (In preparation.) 


Leach’s The Inspection and Analysis of Food with Special Kefer- 
ence to State Control. (In preparation.) 
Loéb’s Electrolysis and Electrosynthesis of Organic Compounds. 


GliorenZc)P Hecate coe Oetee wont cele alae tebe ev 12mo, 
Mandel’s Handbook for Bio-chemical Laboratory...... 12mo, 
Mason’s Water-supply. (Considered Principally from a Sani- 
tary Standpoint.) 3d Hdition, Rewritten...... 8vo, 
“Examination of water. (Chemical and Bacterio- 
LOSI Cale) tare ete Mine fe. cere aeetere Mem on eettersre 5 12mo, 

Meyer’s Determination of Radicles in Carbon Compounds. 

(Ring let) OER ae a ede ice tte erties seas trorerticeenceeee 12mo, 
Mitlers iantal of -Assayingoe 10 cise sees ae eer a eee 12mo, 
Mixter’s Elementary Text-book of Chemistry............ 12mo, 
Morgan’s Outline of Theory of Solution and its Results. .12mo, 

Hlements tof PhysicaleChemistnys ...c..-0esei. oe 12mo, 
Nichols’s Water-supply. (Considered mainly from a Chemical 
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O’Brine’s Laboratory Guide in Chemical Analysis.......... 8vo, 
O’Driscoll’s Notes on the Treatment of Gold Ores.......... 8vo, 


Ost and Kolbeck’s Text-book of Chemical Technology. (Lo- 
renz—Bozart.) (In preparation.) 
* Penfield’s Notes on Determinative Mineralogy and Record of 


Min eral Beata: tt <i.g. ti amet ae teteee sane toca 8vo, paper, 
Pinner’s Introduction to Organic Chemistry. (Austen.) 12mo, 
Pooles"Caloriich#Powerzot Mtelse ee cat, ne Meee ce cee 8vo, 
* Reisigis) Guides toe Piece-dyemeaie. «ae sees ee cele oe 8vo, 
Richards and Woodman’s Air, Water, and Food from a Sanitary 

SS OLONOLO TEN ree Re RL ace ctl g nase ee REIN neha ee mee 8vo, 
Richards’s Cost of Living as Modified by Sanitary Science 12mo, 

a Cost of Food, a Study in Dietaries........... 12mo, 
* Richards and Williams’s The Dietary Computer.......... 8vo, 


Ricketts and Russell’s Skeleton Notes upon Inorganic Chem- 
istry. (Part I—Non-metallic Elements.) . .8vo, morocco, 


Ricketts and Miller’s Notes on Assaying................. 8vo, 
Rideal’s Sewage and the Bacterial Purification of Sewage. .8vo, 
Ruddiman’s Incompatibilities in Prescriptions. .............8vo, 
Schimpf’s Text-book of Volumetric Analysis............ 12mo, 
Spencer’s Handbook for Chemists of Beet-sugar Houses. 16mo, 
mor. 

ss Handbook for Sugar Manufacturers and their Chem- 
Ss Deeps tara ca reeros mn o1cdia' Aa eae 16mo, morocco, 
Stockbridge'ssRockstandSoilsseqcere neers ye eee 8vo, 
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* Tillman’s Elementary Lessons in Heat................0. 8vo, 
= a Descriptive General Chemistry................. 8vo, 
Turneaure and Russell’s Public Water-supplies........... 8vo, 
Van Deventer’s Physical Chemistry for Beginners. (Boltwood.) 

12mo, 
Walke’s Lectures on Explosives... :...5...csssceeeeeeees 8vo, 


Wells’s Laboratory Guide in Qualitative Chemical Analysis..8vo, 
“Short Course in Inorganie Qualitative Chemical Analy- 


sis for Engineering Students............... 12mo, 

Whipple’s Microscopy of Drinking-water................. 8vo, 
Wiechmann’s) SupartAnalysisis cis tics. eo cccte dele. Small 8vo, 
rr Lecture-notes on Theoretical Chemistry....12mo, 
Walsonis \Gyanid @ Processes. acters ele «eid sansseieiaal speyaueln,s, « 12mo, 
. CATLOLING GOMER EL O CESS oy orereves.a\ eo iis arat'e rei @yanapaapaueterer 12mo, 
Wulling’s Elementary Course in Inorganic Pharmaceutical and 
Medea CHEMIS bY ccc scram aac © yseato yaa Ts od seo 12mo, 


CIVIL ENGINEERING. 


BRIDGES AND ROOFS. HYDRAULICS. MATERIALS 
ENGINEERING. RAILWAY ENGINEERING. 


Baker’s Engineers’ Surveying Instruments............... 12mo, 
Bixby’s Graphical Computing Table...Paper, 194 x 24} inches. 
Davis seilevation andsStadia: Tables. oo cre o:crisscissisceeneyens 8vo, 
Folwell’s Sewerage. (Designing and Maintenance.)....... 8vo, 
Freitag’s Architectural Engineering. 2d Ed., Rewritten...8vo, 
French andsbyesis stereoLOmiyebenee « o..5 + cides myoseslasunies yes 8vo, 
Goodhue’s Municipal Improvements...................+. 12mo, 
Goodrich’s Economie Disposai of Towns’ Refuse.......... 8vo, 
CoreisetlementsyOr Gegd Sy ern ct -vleuien 6 14.2 cee sour ci see 8vo, 
Hayford’s Text-book of Geodetic Astronomy............... 8vo, 
Howe’s Retaining-walls for Harth....................... 12mo, 
Johnson’s Theory and Practice of Surveying......... Small 8vo, 
a Stadia and Earth-work Tables...................8v0, 
Wierstedcem Ce wateMDISpOsalon. a ccseiilcismcrels sid awis arcinin's 66 12mo, 
Laplace’s Philosophical Essay on Probabilities. (Truscott and 
11gV 0) Ne) ee alt te ee a Se ; 
Mahan’s Treatise on Civil Engineering. (1873.) (Wood.)..8vo, 
*Mahanis-Deseriptive Geometryiy i eet. e ss cee ss nes 8vo, 
Merriman’s Elements of Precise Surveying and Geodesy... .8vo, 
Merriman and Brooks’s Handbook for Surveyors. ...16mo, mor., 
Merriman’s Elements of Sanitary Engineering..............8Vv0, 
Nuront see lines Sumve ying et. «ao oot ati slice cele oe 8vo, 
QOsden:spSeweuel esi O10. ert etetetereucraceretetste Crake eile fete oh elo anole e eiete 12mo, 
Patton’s Treatise on Civil Engineering........ 8vo, half leather, 
Reed’s Topographical Drawing and Sketching.............. 4to, 
Rideal’s Sewage and the Bacterial Purification of Sewage.. .8vo, 
Siebert and Biggin’s Modern Stone-cutting and Masonry... .8vo, 
Smith’s Manual of Topographical Drawing. (McMillan.). .8vo, 
* Trautwine’s Civil Engineer’s Pocket-book....16mo, morocco, 
Wait’s Engineering and Architectural Jurisprudence... a 
eep, 
“Law of Operations Preliminary to Construction in En- 
gineering and Architecture.................. 8vo, 
Sheep, 
Wait sw laiwie Or eCOntracts Linen. a oWs vices te wielie ce cleaes 8vo, 
Warren’s Stereotomy—Problems in Stone-cutting........ 8vo, 
Webb’s Problems in the Use and Adjustment of Engineering 
[NSELUIMENES WE e ee rs oat es ous cote se alales 16mo, morocco, 
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* Wheeler’s Elementary Course of Civil Engineering........ 8vo, 
Wilson’s Topographic Surveying.............20-.++2seeee: 8vo, 


BRIDGES AND ROOFS. 


Boller’s Practical Treatise on the Construction of Iron Highway 
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* Boller’s Thames River Bridge..................-- 4to, paper, 
Burr’s Course on the Stresses in Bridges and Roof Trusses, 
Arched Ribs, and Suspension Bridges.............. 8vo, 

Du Bois’s Mechanics of Engineering. Vol. Il......... Small 4to, 
Foster’s Treatise on Wooden Trestle Bridges............ 4to, 
Fowler’s Coffer-dam Process for Piers..............--+0+% 8vo, 
Greene’s Roof Trusses.......... SOA OAE RAS th SO Baio s 8vo, 
oY BYid@e ULUSSES ireuetorere ere oe eheie sterece ore ues ierscereiotetetone 8vo, 

ii Arches in Wood, Iron, and Stone............... 8vo, 
Howe's ‘Treatise om Archess een accuse ieciaeteieds eel uetele = 8vo, 


“Design of Simple Roof-trusses in Wood and Steel. 8vo, 
Johnson, Bryan and Turneaure’s Theory and Practice in the 


Designing of Modern Framed Structures...... Small 4to, 
Merriman and Jacoby’s Text-book on Roofs and Bridges: 
Part [Stresses in. Simple Trusses. .02.... =~ «- om coe 8vo, 
Part, [i=-Graphic ss babies ai: ci cine sree areca: 8vo, 
Part IIl].—Bridge Design. Fourth Ed., Rewritten...... 8vo, 
(Part EV Higher Suri cuunese we cts eiistes aelalomtere ee eielptoros 8vo, 
Morison(s Memphis, brid pes... jo a¢ eo = oles ier esroc raises eel toi 4to, 


Waddell’s De Pontibus, a Pocket Book for Bridge Engineers. 
16mo, mor., 


Ms Specifications for Steel Bridges.............. 12mo, 
Wood’s Treatise on the Theory of the Coastruction of Bridges 
CH TG Il MOO eatciye do COME MORE 6 Feb dene aro Ucoob due 8vo, 
Wright’s Designing of Draw-spans: 
Part I—Plate-girder’ Draws...escicct> 40 apie Foie elects 8vo, 
Part II.—Riveted-truss and Pin-connected Long-span Draws. 
vo, 
EWO, PAT GR glls ONC VOLUME na. efe «ois st tevaveneetero eterno eee 8vo, 
HYDRAULICS. 
Bazin’s Experiments upon the Contraction of the Liquid Vein 
' Issuing from an Orifice. (Trautwine.).............. 8vo, 
Bovey’s Treatise on Hydraulics............. a RARER oa! 8vo, 
Church’s Mechanics of Engineering..................... 8vo, 
€ Diagrams of Mean Velocity of Water in Open Channels 
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Coffin’s Graphical Solution of Hydraulic Problems. moned ma 
Flather’s Dynamometers, and the Measurement of Power.12mo, 


Folwell’s Water-supply Engineering...................... 8vo, 
Erizell’aewater- power: « ....h dvd acca. . eee 8vo, 
Fuertes’s Water and Public Health................... 12mo, 

§. Wiaeter-filtrations Works.+;. suhiseteee ee eee 12mo, 


Ganguillet and Kutter’s General Formula for the Uniform 
Flow of Water in Rivers and Other Channels. (Her- 


ning jands/Erautwine:) cited neato eee tee 8vo, 
Hazen’s Filtration of Public Water-supply................ 8vo, 
Hazlehurst’s Towers and Tanks for Water-works........ 8vo, 
Herschel’s 115 Experiments on the Carrying Capacity of Large, 
RivetedsyMetalfConduitsi2 ws. acetic. EAE 8vo, 
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Mason’s Water-supply. (Considered Principally from a Sani- 


any sO LAM MON te ) Pete mcvsvsy sla erersheve o Sisvsve atose's.die Clacraars 8vo, 
Merriman’s Treatise on Hydraulics................eceee0% 8vo, 
“ Michie’s Elements of Analytical Mechanics.............. 8vo, 
Schuyler’s Reservoirs for Irrigation, Water-power, and Domestic 
WiatersU ppl vias aelletteter of civietei res « tyes a0, 3 Large 8vo, 
Turneaure and Russell. Public Water-supplies............ reg 
Wegmann’s Design and Construction of Dams............ 
Water-supply of the City of New York from ids <3 
WOOD cr eeteials ciakbere: Calo woiatenctstere peletad aysisia cd's ahs 4to, 
Weisbach’s Hydraulics and Hydraulic Motors, (Du Bois.). ‘8vo, 
Wilson’s Manual of Irrigation Engineering.......... Small 8vo, 
Wolfs°Windmmilltasta prime Movers... sh ack cele aemreiw « 8vo, 
Weood’ar Purpimesiocn, « £6 ticswetsien. « atid «2 avcyeciererers sala Sevragers 8vo, 
; «Elements of Analytical Mechanics................. 8vo, 


MATERIALS OF ENGINEERING. 


Baker’s Treatise on Masonry Construction.............. 8vo, 
Black’s United States Public Works.............. Oblong 4to, 
Bovey’s Strength of Materials and Theory of Structures. ...8vo, 
Burr’s Elasticity and Resistance of the Materials of Engineer- 
Nr eee — REE varus o51s ool Sep e oo 3 ob aA REE >. -8VO, 

Byrne’ 8 Pichess Construction! ycs%. bog, -trtissoned,« frletoneek 8vo, 
cS Inspection of the Materials and Workmanship Em- 
ployeds in. Constructiony og a5 - Sete <teicidew sre. « 16mo, 

Church’s Mechanics of Engineering..:..........00.00050- 8vo, 
Du Bois’s Mechanics of Engineering. Vol. I........ Small 4to, 
Johnson’s Materials of Construction............... Large 8vo, 
Keop ss RORemPlron.on o.Gs saimios poss s aseeieoert rattles» s 8vo, 
Banzasea pplicd Mechanics tis ty iso! cb ueip-o final sides) Belelese-« Wdwerale 8vo, 
Martens’s Handbook on Testing Materials. (Henning.).2 v., 8vo, 
Merrill’s Stones for Building and Decoration............... 8vo, 
Merriman’s Text-book on the Mechanics of Materials...... 8vo, 
Merriman’s Strength of Materials...................0.. 12mo, 
Metcalf’s Steel. A Manual for Steel-users............... 12mo, 
Patton’s Practical Treatise on Foundations................ 8vo, 
Rockwell’s Roads and Pavements in France............ 12mo, 
Smith’s Wire: Its Use and Manufacture............ Small 4to, 
“mee MaterialciorMiachinestshee che es ere. cs eruencunty as 12mo, 


Snow’s Principal Species of Wood: Their Characteristic Proper- 
ties. (In preparation.) 


Spalding’s PieyOnAaCACEMENE. iver sieiele oe) oe oo ei raie win oladheiole 12mo, 
Text-book on Roads and Pavements.......... 12mo, 
Thurston’s Materials of Engineering.............. 3 Parts, 8vo, 
Part I.—Non-metallic Materials of Engineering and Metal- 
Tuinpysee es ete eterna saletellsiv ter. eitionitss eis ne neo eles ane 

Part. bh=-Ironvand. Steelittieiaec:. taste vere testi aettietsre eee 
Part III.—A Treatise on Braases, Bronzes and Other ae 
and’ ?/Theirs Constituents... tne. Re ee ES, 8yvo, 
Thurston’s Text-book of the Materials of Construction..... 8vo, 
Tillson’s Street Pavements and Paving Materials.......... 8vo, 
Waddell’s De Pontibus. (A Pocket-book for Bridge Engineers.) 
16mo, morocco, 
ig Specifications for Steel Bridges................ 12mo, 
Wood’s Treatise on the Resistance of Materials, and an Ap- 
pendix on the Preservation of Timber.......... 8vo, 
g Elements of Analytical Mechanics................ 8vo, 
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RAILWAY ENGINEERING. 


Andrews’s Handbook for Street Railway Engineers. 3x5 in. mor., 
Berg’s Buildings and Structures of American Railroads.. .4to, 
Brooks’s Handbook of Street Railroad Location..16mo, morocco, 


Butts’s Civil Engineer’s Field-book............ 16mo, morocco, 
Crandall’s Transition Curve...............---- 16mo, morocco, 
‘a Railway and Other Earthwork Tables........ 8vo, 


Dawson’s Electric Railways and Tramways.Small 4to, half mor., 
y “Engineering ” and Electric Traction Pocket-book. 

16mo, morocco, 

Dredge’s History of the Pennsylvania Railroad: (1879.) . Paper, 
* Drinker’s Tunneling, Explosive Compounds, and Rock Drills. 
4to, half morocco, 

Fisher’s Table of Cubic Yards................-006- Cardboard, 
Godwin’s Railroad Engineers’ Field-book and Explorers’ Guide. 
16mo, morocco, 


Howard’s Transition Curve Field-book......... 16mo, morocco, 
Hudson’s Tables for Calculating the Cubic Contents of Exca- 

vations: and) Embankments-. o> .. 2): aot et 8vo, 
Nagle’s Field Manual for Railroad Engineers. ...16mo, morocco, 
Philbrick’s Field Manual for Engineers........ 16mo, morocco, 
Pratt and Alden’s Street-railway Road-bed............... 8vo, 
Searles’s Field Engineering.................-.. 16mo, morocco, 
BAAS Railroad sSpiral sip. prereset le eelals 16mo, morocco, 
Taylor’s Prismoidal Formule and Earthwork............. 8vo, 


* Trautwine’s Method of Calculating the Cubic Contents of Ex- 
cavations and Embankments by the Aid of Dia- 


fad Mel 54 Rog og e tomdcud Hgubo mips SO claon OO cers 8vo, 

* - The Field Practice of Laying Out Circular Curves 
for, Railroadsinss4 sete eter 12mo, morocco, 

* - Cross-section Sheet........2...-...0+.00-- aper, 
Webb’seRailroad, Construction.ccn.--. see tes eee: 8vo, 
Wellington’s Economic Theory of the Location of Railways.. 
Small 8vo, 

DRAWING. 

Barr’s Kinematics of Machinery................s.seeees: 8vo, 
* Bartlett’s Mechanical Drawing..oe. <1. si e)00 cls <0 shes 8vo, 
Coolidge’s Manual of Drawing.................0+: 8vo, paper, 


Durley’s Elementary Text-book of the Kinematics of Machines. 

(In preparation.) 
Hill’s Text-book on Shades and Shadows, and Perspective. .8vo, 
Jones’s Machine Design: 


Part I.—Kinematics of Machinery..................055: 8vo, 
Part I1.—Form, Strength and Proportions of Parts...... 8vo, 
MacCord’s Elements of Descriptive Geometry.............. 8vo, 
ss Kinematics; or, Practical Mechanism.......... 8vo, 

4 Mechanical Drawing')ja. o.<acie eee eee eee oe 4to, 

ss WelocitysDiagrams Ws singers bie etter rnetere 8vo, 
*Mahan’s Descriptive Geometry and Stone-cutting....... 8vo, 
Mahan’s Industrial Drawing. (Thompson.)................ 8vo, 
Reed’s Topographical Drawing and Sketching.............. 4to, 
Reid’s Course in Mechanical Drawing..................... 8vo, 
“ Text-book of Mechanical Drawing and Elementary Ma- 
chine», Designzfass'san\sdeheemhiee ction nec ee en 8vo, 
Robinson’s Principles of Mechanism............ = bis. arate 8vo, 
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Smith’s Manual of Topographical Drawing. (McMillan.).8vo, 2 50 
Warren’s Elements of Plane and Solid Free-hand Geometrical 


; UU © cel 2 gee Ie a ae 12mo, 1 00 
¢ Drafting Instruments and Operationsancc.c6 12mo, 1 25 
Manual of Elementary Projection Drawing....12mo, 1 50 
= Manual of Elementary Problems in the Linear Per- 
spective of Form and Shadow.............. 12mo, 1 00 
Plane Problems in Elementary Geometry....... 12mo, 1 25 
e LAT yan EOMELLY eo Seer nc ct ch eres Meee 12mo, 75 
= Elements of Descriptive Geometry, Shadows, and Per- 
BS POGULV.Glmeiafelerees siete isisi.s sl oie's eysis winielc.eces aekeeie: 8vo, 3 50 
* General Problems of Shades and Shadows....... 8vo, 3 00 
< Elements of Machine Construction and Drawing. .8vo, 7 50 
ss Problems, Theorems, and Examples in Descriptive 
GeOmetry ce em OREN GGm Son Kade ees fe... 8vo, 2 50 
Weisbach’s Kinematics and the Power of Transmission. (Herr- 
mannyand Wein) erates sods eh haere se. 8vo, 5 00 
Whelpley’s Practical Instruction in the Art of Letter En- 
Ty (5 SBS GS So Gu dons Coben ODEDOE UC das soeb ob on 12mo, 2 00 
Walsonsaloposraphic Surveying 2... si cscs misiielsisierele sare 8vo, 3 50 
Wilson’s Free-hand Perspective.................eeececeee 8vo, 2 50 
Woolf’s Elementary Course in Descriptive Geometry..Large 8vo, 3 00 
ELECTRICITY AND PHYSICS. 
Anthony and Brackett’s Text-book of Physics. (Magie.) 
: Small 8vo, 3 00 
Anthony’s Lecture-notes on the Theory of Electrical Measur- 
TYRONE ee cif eVehe ol asere ie olao Pace a co arel SMM aTel oe lege ates tes 12mo, 1 00 
Benjaminsmiiistory, of —Wlectricityi. <. sic. isis sieles.cle » coils 8vo, 3 00 
leciipernds Wallen (31 a5 Sao Ho moo coc GocaeuLugean soot: 8vo, 3 00 
Classen’s Qantitative Chemical Analysis by Electrolysis. Her- 
ricksand, Boltwood:)..ctcteste aot fe setae tameie eve alta 8vo, 3 00 
Crehore and Squier’s Polarizing Photo-chronograph...... 8vo, 3 00 


Dawson’s Electric Railways and Tramways..Small 4to, half mor., 12 50 
Dawson’s “Engineering” and Electric Traction Pocket-book. 

16mo, morocco, 4 00 
Flather’s Dynamometers, and the Measurement of Power..12mo, 3 00 


Gilbert’s De Magnete. (Mottelay.)...............eeeee0- 8vo, 2 50 
Holman’s Precision of Measurements..............eseeee0e 8vo, 2 00 
s Telescopic Mirror-scale Method, Adjustments, and 
THESES) 5 AA Sido. cp Ootdago dado hob strode Large 8vo, 75 
Landauer’s Spectrum Analysis. (Tingle.)................ 8vo, 3 00 
Le Chatelier’s High-temperature Measurements. (Boudouard— 
LDN aT On ooo anon nEgddecn ds. Se eocgaucoonodaa 12mo, 3 00 
Lib’s Electrolysis and Electrosynthesis of Organic Compounds. 
(Idorenzi) Bee ances a cinct icrerien ene ee eh nme s 12mo, 1 00 
Lyons’s Treatise on Electromagnetic Phenomena........... 8vo, 6 00 
* Michie. Elements of Wave Motion Relating to Sound and 
ILIGANG 5.008 J 00Gh00 SOU000d00 CODD DO aa nene eee neem 8vo, 4 00 
Niaudet’s Elementary Treatise on Electric Batteries (VFish- 


Uivdles) (on 6. 66 can oSeeOt Bie S Do Cm aes ce nin 12mo, 2 50 
* Parshall and Hobart’s Electric Generators..Small 4to, half mor., 10 00 
Ryan, Norris, and Hoxie’s Electrical Machinery. (In preparation.) 
Thurston’s Stationary Steam-engines................2005- 8vo, 2 50 
*Tillman. Elementary Lessons in Heat.................. 8vo, 1 50 
Tory and Pitcher. Manual of Laboratory Physics..Small 8vo, 2 00 
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* Davis. Wlememts (of Wawiraty em ae clisiere ccriatewiere sist ena steno terete 8vo, 

Rey Treatise on the Military Law of United States. .8vo, 

5 Sheep, 

Manual ion Courts-martial se ceicte- cite acters 16mo, morocco, 

Wait’s Engineering and Architectural Jurisprudence... gee S 

eep, 

“Law of Operations Preliminary to Construction in En- 

gineering and Architecture.............ese+e--- 8vo, 

Sheep, 

a Law of Contracts sy repr aaneicise ele a setetete ite ile isie ks 8vo, 

Winthrop’s Abridgment of Military Law.............. 12mo, 
MANUFACTURES. 


Beaumont’s Woollen and Worsted Cloth Manufacture. ...12mo, 
Bernadou’s Smokeless Powder—Nitro-cellulose and Theory of 


theu Cellulose: Molecule ceyertcrs to <etetes! oie oil sholetet st stelars £2mo, 
Bolland}s“iron: Founderis: distwesse cece oeenee esse 12mo, cloth, 
e “The Iron Founder” Supplement...........-... 12mo, 
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Encyclopedia of Founding and Dictionary of Foundry 
Terms Used in the Practice of Moulding. ...12mo, 


Kissler’s Moder = Highs Wixprosivess. <i. alc «1s ae sstele= > creieke 8vo, 
Effront’s Enzymes and their Applications. (Prescott.)...8vo, 
Fitzgerald’s Boston Machinist 25 sae oe actos aie cin delete ste =~ 18mo, 
Ford’s Boiler Making for Boiler Makers.............. 18mo, 
Hopkins’s Oil-chemists’ Handbook.............s..00.0-000. 8vo, 
INGE pis MC ast MOM. Miyctee, Styarcstjeuenesele ra ciciettyaneiteer eet seeler alee 8vo 


Leach’s The Inspection and Analysis of Food with Special 
Reference to State Control. (In preparation.) 


Metcalf’s Steel. A Manual for Steel-users.............. 12mo, 
Metcalf’s Cost of Manufactures—And the administration of 
Workshops, Public and Private............... 8vo, 
Meyer’s Modern Locomotive Construction................. 4to, 
*iReisig;siGuide toikiece-:diyeing ini. siciaseiiert 6 earner. cle 8vo, 
Smith’s Press-working’ of \Metalsiicy.. 2.8 secede 8vo, 
“ Wire: Its Use and Manufacture............ Small 4to, 
Spalding sghy dramliey Cement ars erie ictctolelslorelal ace) e ese ee eles 12mo, 
Spencer’s Handbook for Chemists of Beet-sugar Houses. 
16mo, morocco, 
§ Handbook for Sugar Manufacturers and their Chem- 
istds RA: Se eel eee 16mo, morocco, 
Thurston’s Manual of Steam-boilers, their Designs, Construc- 
tionfand) Operation’ ss. Sasagawa ens A. cesar. 8vo, 
Walke’s Lectures on Explosives..............ccccessceens 8vo, 
West’s American Foundry Practice. ............s.cece0e 12mo, 
‘ore MoulderisiPext:bools. tecaticiieaeteiem oe. eee: 12mo, 
Wiechmann’sSugar Analysis.220y..0 <n cscebin> ssc ons Small 8vo, 
Wolff’s Windmill as a Prime Mover................00000- 8vo, 
Woodbury’s ; Fire’ Protection of Mills.)4. 0.5.0 .h..0s000um 8vo, 
MATHEMATICS. 
Baker's Elliptic: Punctionst..ereemrtetie ce nici a tat eerelare oe 8vo, 
* Bass’s Elements of Differential Calculus............... 12mo, 
Briggs’s Elements of Plane Analytic Geometry.......... 12mo, 
Chapman’s Elementary Course in Theory of Equations. ..12mo, 
Compton’s Manual of Logarithmic Computations........ 12mo, 
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*Dickson’s College Algebra..... aVohereieverhelelele sietcns. am Large 12mo, 
Halsted’s Elements of Geometry............ccecccceceece 8vo, 
4 Elementary Synthetic Geometry............... 8yvo, 


* Johnson’s Three-place Logarithmic Tables: Vest-pocket size, 


paps; 

100 copies for 

Mounted on heavy cardboard, 8 X 10 inches, 

10 copies for 

Elementary Treatise on the Integral Calculus. 


Small 8vo, 

eS Curve Tracing in Cartesian Co-ordinates...... 12mo, 

ES Treatise on Ordinary and Partial Differential 
MIGUAEIONG! sre te ee ee hee chee as ee. Small 8vo, 

ss Theory of Errors and the Method of Least 
CURLER. were. crete ee Chose s rte ers 5a atte 12mo, 

= id Theoretical Mechanics. ......5.....000026- ...12mo, 
Laplace’s Philosophical Essay on Probabilities. (Truscott and 
D100 S09 sd es ester grumcnchonnecncaced ace drira- arate trea dares 8 12mo, 
*Ludlow and Bass. Elements of Trigonometry and Logarith- 
micrand Other Labless.s. ees keene Pe SOC 8vo, 

vs Trigonometry. Tables published separately. .Each, 
Merriman and Woodward. Higher Mathematics.......... 8vo, 
Merriman’s Method of Least Squares.................... 8vo, 
Rice and Johnson’s Elementary Treatise on the Differential 
GALGUINUIS eneye aber o cegecenesisicre ce Small 8vo, 

os Differential and Integral Calculus. 2 vols. 

TEM OMG certiee eirerece isis esi cievere Small 8vo, 

Wood’s Elements of Co-ordinate Geometry................ 8vo, 


«“  ‘Trigometry: Analytical, Plane, and Spherical....12mo, 


MECHANICAL ENGINEERING. 


MATERIALS OF ENGINEERING, STEAM ENGINES 
AND BOILERS. 


Baldwin’s Steam Heating for Buildings.................- 12mo, 
Barrs) Kanematics, of (Machinery,. ile, -ierecs:c:«.caisi sie airia =~ a 8vo, 
* Bartlett's, Mechanital Drawing... . sii. 2j2% oie ole sies e+ vo 8vo, 
Benjamin’s Wrinkles and Recipes..............2e-20e0- 12mo, 
Carpenter’s Experimental Engineering.............+++.45- 8vo, 

ae Heating and Ventilating Buildings........... 8vo, 
Clerk’s'Gasand! Oil Wnpinect i in ce sia) -farevats @ sje ioies ofthe Small 8vo, 
Coolidge’s Manual of Drawing.................... 8vo, paper, 
Cromwell’s Treatise on Toothed Gearing....................12mo, 

a Treatise on Belts and Pulleys............... 12mo, 


Durley’s Elementary Text-book of the Kinematics of Machines. 
(In preparation.) 
Flather’s Dynamometers, and the Measurement of Power ..12mo, 


se ROPER DILVING sates visor olelstsletslie ales! sl ois cele ele o's oe 12mo, 
Gill’s Gas an Fuel Analysis for Engineers.............. 12mo, 
Halls Carel bricationr:..rcrcterstcstere ter. clelslee’s ole cle ole coe slers 12mo, 
Jones’s Machine Design: 
Part I.—Kinematies of Machinery..........0s.ceeeeeees 8vo, 
Part II.—Form, Strength and Proportions of Parts...... 8vo, 
Kent’s Mechanical Engineers’ Pocket-book....16mo, morocco, 
Kerr’s Power and Power Transmission...............+.. 8vo, 
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MacCord’s Kinematics; or, Practical Mechanism.......... 8vo, 
4 Mechamicall Drawing sii\-si-1-rrjomieeiisner tee carer 4to, 
: WVelocitya Diagrams s <j siielclerttritae rte reer 8vo, 
Mahan’s Industrial Drawing. - (Thompson.)............... 8vo, 
Poole’s Calorific Power of Fuels...............ceeeceeeees 8vo, 
Reid’s Course in Mechanical Drawing................+.++- 8vo, 
“  Text-book of Mechanical Drawing and Elementary 
Machine (Design tyecj.tertatst oe atetciets tates acl ekerstetete sei fete 8vo, 
Richards/s?Compressed Air. (2 7ace nate sc cle cleleietectetete teeta e 12mo, 
Robinson’s Principles of Mechanism...............22+000- 8vo, 
Smith’s Press-working of Metals...............0.0.eeeee> 8vo, 
Thurston’s Treatise on Friction and Lost Work in Machin- 
ery and Mill sWoorkscpes «i212 ssi cieslcle o-alae's tetas heros 8vo, 
ss Animal as a Machine and Prime Motor and the 
Laws OfgHmerceticss <) tcc + sais aias ates 12mo, 
Warren’s Elements of Machine Construction and Drawing. .8vo, 
Weisbach’s Kinematics and the Power of Transmission. (Herr- 
Mann lCleins) gece wletsy-: sisrsleselenelere ase elas 8vo, 
ti Machinery of Transmission and Governors. (Herr- 
MANN—K EIN) vw ocarorere eyes «hare: agobsyoparese oud s)anetopayede cobs 8vo. 
es Hydraulics and Hydraulic Motors. (Du Bois.). a 
Wolff’s Windmill as a Prime Mover...............-.-00e- 8vo, 
Wroedis, Turbines... :</s.c.gonecssccsspvebohelo-cpsjotare om cls Sieketegs iuauarte oes 8vo, 


MATERIALS OF ENGINEERING. 


Bovey’s Strength of Materials and Theory of Structures. .8vo, 
Burr’s Elasticity and Resistance of the Materials of Engineer- 


TIED Ne cic netics os Uecnoo TOR DIN I ROT CO DAOC OE 8vo, 
Church’s Mechanics of Engineering.....................+- 8vo, 
Johnson’s Materials of Construction............... Large 8vo, 
ETO. CGE INO Noone once cdodGpomaode cd daunGoeansenn OSD 8vo, 
anzaze Applied s Wechatmiesecyestirtiere tetris tetchtetcttsieteleteicte 8vo, 
Martens’s Handbook on Testing Materials. (Henning-)....8vo, 
Merriman’s Text-book on the Mechanics of Materials... .8vo, 

oa Strengthvot Materials sees 3s as cieiee ee ees 12mo, 
Metcalf’s Steel. A Manual for Steel-users.............. 12mo, 
Smith’s Wire: Its Use and Manufacture............. Small 4to, 

<. MaterialsroftyMachinestsem seme treat a sae eee 12mo, 
Thurston’s Materials of Engineering.............. 3 vols., sae 
Part: EE—Troni and, Steelecy..nyrsrercte ore laterite. ctor tenner 
Part Ili—A Treatise cn Brasses, Bronzes and Other rian 
and*their’ Constituents: 22 .: + sects - tea cee m ate oe 8vo, 


Thurston’s Text-book of the Materials of Construction. ...8vo, 
Wood’s Treatise on the Resistance of Materials and an Ap- 
pendix on the Preservation of Timber.......... 8vo, 

« Elements of Analytical Mechanics................ 8vo, 


STEAM ENGINES AND BOILERS. 


Carnot’s Reflections on the Motive Power of Heat. (Thurston.) 


12mo 
Dawson’s “ Engineering ” and Electric Traction Pocket-book. : 
16mo, morocco, 


Ford’s Boiler Making for Boiler Makers................ 18mo, 

Goss’s Locomotive: Sparks’ ©. .\. os. cides ee ceeiaee aereiot 8vo, 
Hemenway’s Indicator Practice and Steam-engine Economy. 

12mo 

Hutton’s Mechanical Engineering of Power Plants........ 8vo, 

§ Heatiand jHeat-engines feats tetera. teteciete 8vo, 
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Kent’s Steam-boiler Economy..............0eccccceeecees 8vo, 4 00 
Kneass’s Practice and Theory of the Injector.............. 8vo, 1 50 
Ma c@ordia i Slide=valveses.ocsicsos.0ce .. SRG MOaTE.. Pome. ak 8vo, 2 00 
Meyer’s Modern Locomotive Construction................ 4to, 10 00 
Peabody’s Manual of the Steam-engine Indicator......... 12mo, 1 50 

‘ Tables of the Properties of Saturated Steam and 
OLDER VAPOrs tee cam ction s-< 5. 5 « SORA 8vo, 1 00 

Hy Thermodynumics of the Steam-engine and Other 
PLCOE-EMDINGS Et eee cleat alates, sean 8vo, 5 00 
% Valve-gears for Steam-engines.................: 8vo, 2 50 
Peabody and Miller. Steam-boilers..................00 8vo, 4 00 
Pray’s Twenty Years with the Indicator............ Large 8vo, 2 50 

Pupin’s Thermodynamics of Reversible Cycles in Gases and 
Saturated Vapors. (Osterberg.).:............00% 12mo, 1 25 
Reagan’s Locomotive Mechanism and Engineering...-...12mo, 2 00 
Rontgen’s Principles of Thermodynamics. (Du Bois.)....8vo, 5 00 
Sinclair’s Locomotive Engine Running and Management..12mo, 2 00 
Smart’s Handbook of Engineering Laboratory Practice..12mo, 2 50 
Snow, sroceam:- boilerbracticeseaeasies «2a seh eee Rk le: 8vo, 3 00 
Spanplers,, Valve-gearsitncm ences. - atic dshe ae se tative. 4 8vo, 2 50 
oo Notes on Thermodynamics...................12mo, 1 00 
pRurston:s; Landy Tables sc.cmtatmities + teelenie inaie oles ssteiee 8vo, 1 50 
rf Manual of the Steam-engine.......... 2 vols., 8vo, 10 00 
Part I.—History, Structure, and Theory................ 8vo, 6 00 
Part I1—Design, Construction, and Operation.......... 8vo, 6 00 

Thurston’s Handbook of Engine and Boiler Trials, and the Use 
of the Indicator and the Prony Brake........ 8vo, 5 00 
$ Stationary Steam-engines.................000- 8vo, 2 50 

Steam-boiler Explosions in Theory and in Prac- 
BIGCO Saye avecejosiciessislelte te iste ERsI ee Bie. a areiokate sted 12mo, 1 50 

< Manual of Steam-boilers, Their Designs, Construc- 
tion,vand Operation jrere. uses asec. «oss 8vo, 5 00 
Weisbach’s Heat, Steam, and Steam-engines. (Du Bois.)..8vo, 5 00 
Whitham’s Steam-engine Design................0eeeeeees- 8vo, 5 00 
Wilson’s Treatise on Steam-boilers. (Flather.).......... l6mo, 2 50 

Wood’s Thermodynamics, Heat Motors, and Refrigerating 
(Vig CHINIGS Bevterste «eat tein ls foleials MoreisWeGtePale be wacas 8vo, 4 00 

MECHANICS AND MACHINERY. 

Barr seinema tics: of Machineryeri. cect ste e stor are strates: 8vo, 2 50 
Bovey’s Strength of Materials and Theory of Structures. .8vo, 7 50 
Chordal.—Extracts from Letters.............seceeseeees 12mo, 2 00 
Church’s Mechanics of Engineering...........0...ssee0e: 8vo, 6 00 
oe Notes and Examples in Mechanics............. 8vo, 2 00 
Compton’s First Lessons in Metal-working.............. 12mo, 1 50 
Compton and De Groodt. The Speed Lathe.............. 12mo, 1 50 
Cromwell’s Treatise on Toothed Gearing................ 12mo, 1 50 
= Treatise on Belts and Pulleys................ 12mo, 1 50 

Dana’s Text-book of Elementary Mechanics for the Use of 
Colleges and Schools. ............2cessesceceeeees 12mo, 1 50 
Dingey’s Machinery Pattern Making.............. -2+++-12mo, 2 00 

Dredge’s Record of the Transportation Exhibits Building of the 
World’s Columbian Exposition of 1893..... 4to, half mor., 5 00 

Du Bois’s Elementary Principles of Mechanics: 

Vol. I.—Kinematics .........0cccccceccccccescccecccees 8vo, 3 50 
Viol sel —Staticse «terete sic ots closisleie elles clnele ss miaietls os 8vo, 4 00 
WO) eT ——-KaMebies sais ca ee cc 2c c= oo. ceeie otic caibe ald ole eters Rvo, 3 50 
Du Bois’s Mechanics of Engineering. Vol. [........ Small 4to, 7 50 
“ « “ “6 ee Violet soins. Small 4to, 10 00 
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Durley’s Elementary Text-book of the Kinematics of Machines. 
(In preparation.) 


Fitzgerald’s Boston Machimnist.........+...seseeseeeeees 16mo, 
Flather’s Dynamometers, and the Measurement ‘of Power. 12mo, 

9 Rope Driving..........2sseeeseeeseeeecevcces 12mo, 
Goss’s Locomotive Sparks. ..........ececeseseccecccesevees 8vo, 
Hall’s Car Lubrication.............. ays coe Sid « HUME 12mo, 
Holly’s Art of Saw Filing.............. FOES EE OES 18mo, 
* Johnson’s Theoretical Mechanics...............eeeeee- 12mo, 


Johnson’s Short Course in Statics by Graphic and Algebraic 
Methods. (In preparation.) 
Jones’s Machine Design: 


Part I.— Kinematics of Machinery...............ese000: 8vo, 1 50 
Part Il.—Form, Strength and Proportions of Parts....8vo, 3 00 
Kerr’s Power and Power Transmission......... PPE baa oe 8vo, 2 00 
Lanza’s Applied Mechamics.........-.ssessscectecssetece 8vo, 7 50 
MacCord’s Kinematics; or, Practical Mechanism.......... 8vo, 5 00 
ce Velocity Diagramming . sits satelite «38 <fererenrclatenena 8vo, 1 50 
Merriman’s Text-book on the Mechanics of Materials...... 8vo, 4 00 
* Michie’s Elements of Analytical Mechanics.............: 8vo, 4 00 
Reagan’s Locomotive Mechanism and Engineering....... 12mo, 2 00 
Reid’s Course in Mechanical Drawing...............++8-. 8vo, 2 00 
“  Text-book of Mechanical ayes and Elementary 
Machine) Design 72 eteat cic cistetectetcleloetsioteiae etcetiaeiets 8vo, 3 00 
Richards’s Compressed Air.........e+eeeeeee SE Onis 12mo, 1 50 
Robinson’s Principles of Mechanism...............2.2200- 8vo, 3 00 
Ryan, Norris, and Hoxie’s Electrical Machinery. (In preparation.) 
Sinclair’s Locomotive-engine Running and Management..12mo, 2 00 
Smith’s Press-working of Metals............ccceccssceees 8vo, 3 00 
Cum Materialsioi+Machines; h-aenantctccfess eee 12mo, 1 00 
Thurston’s Treatise on Friction and Lost Work in Machin- 
ery: and. Mill Work: Ait pdan iota tte. oP inie s wes 8vo, 3 00 
53 Animal as a Machine and Prime Motor, and the 
Laws. of. Energeties..../scsc a els cicle coe totaniee'« 12mo, 1 00 
Warren’s Elements of Machine Construction and Drawing..8vo, 7 50 
Weisbach’s Kinematics and the Power of ‘Transmission. 
(Herrman—Klein.)= i222 ces cccciees eee 8vo, 5 00 
s Machinery of Transmission and Governors. (Herr- 
(man—Klein.) ........... Sialshe,Sishatelesie/c co Vs mOROO 
Wood’s Elements of Analytical Mechanics................ 8vo, 3 00 
“ Principles of Elementary Mechanics............. 12mo, 1 25 
Gomes Mibwa) tal: WencReicerOOOOO aero cid Tec Gd Ae Hci Am 8vo, 2 50 
The World’s Columbian Exposition of 1893................ 4to, 1 00 
METALLURGY. 
Egleston’s Metallurgy of Silver, Gold, and Mercury: 
V OLS ERS SiLVeL ore roverereravetare Phen oleate Aromas ee 8vo, 7 50 
Vol.1l-—Gold, and Mercuryuck «. sss ecciguieee ae ere «= 8vo, 7 50 
** Tles’s Dead-smelting Maree. Gree eae. fe ane 12mo, 2 50 
Keeps) Cast -Lronixs action iartine hatin meee Cee 8vo, 2 50 
Kunhardt’s Practice of Ore Dressing in Lurope.......... 8vo, 1 50 
Le Chatelier’s High-temperature Measurements. (Boudouard— 
Burgess) 20 3232 eee ok Soe See etetcetaic< ete 12mo, 3 00 
Metcalf’s Steel. A Manual for Steel-users.............. 12mo, 2 00 
Smith’s Materials of Machines................2....004- 12mo, 1 00 
Thurston’s Materials of Engineering. In Three Parts...... Bvo, 8 00 
Part? Il.—Iron: and. Steel ss.6asssccnadaa dese meee 3 5U 
Part III.—A Treatise on Brasses, Bronzes and Other noes 
and Their, Constituentasen,soiccisicieccciiacnn came 8vo, 2 50 


MINERALOGY. 


Barringer’s Description of Minerals of Commercial Value. 
Oblong, morocco, 


Boyd’s Resources of Southwest Virginia................ 8vo, 
“Map of Southwest Virginia........ Pocket-book form, 
Brush’s Manual of Determinative Mineralogy. (Penfield.) .8vo, 
Chester’s Catalogue of Minerals.................... 8vo, paper, 
re 
4 Dictionary of the Names of Minerals............ 
Dana’ 3 System of Mineralogy.... ...... Large 8vo, half ine 
First Appendix to Dana’s New “System of Mineralogy.” 
Large 8Vvo, 
smeebext- hooker iineralony arouse cnn kee ccs cae 8vo, 
“+ Minerals and How to Study Them... 0... 0... -.12mo, 
“Catalogue of American Localities of Minerals. Large 8vo, 
“Manual of Mineralogy and Petrography.......... 12mo, 
Egleston’s Catalogue of Minerals and Synonyms.......... 8vo, 
Hussak’s The Determination of Rock-forming Minerals. 
Homa ele ere cercdets sensi tte wrersagy oeuegeie ne coe cio Small 8vo, 
* Penfield’s Notes on Determinative Mineralogy and Record of 
Mimieral eles teeter seu ere cee coe niece tesakeeceiee enor 8vo, paper, 
Rosenbusch’s Microscopical Physiography of the Rock-making 
iViineralsy es (lddino ss )litee co sane s cakes sete oe eae eee ere ee 8vo, 
* Tillman’s Text-book of Important Minerals and Rocks. ‘8vo, 
Walliams ss; Manual-of Witholopy <j)... ccs. ccss ons eeae ce 8vo, 
MINING. 

Beard’s*V entilation -Of Mines se. .2 esc cece eee owe cs maces: 12mo, 
Boyd’s Resources of Southwest Virginia................. 8vo, 
“ Map of Southwest Virginia........ Pocket-book form, 
*Drinker’s Tunneling, Explosive Compounds, and Rock 
DFAS oct yr toe ale ote Pere tare seine s 4to, half morocco, 
Eissler’s Modern High Explosives.................e.0005- Ooe 

Fowler’s Sewage Works Analyses...........00c0eceeues 
Goodyear’s Coal-mines of the Western Coast of the United 
Shatesm@encer ease cetes Weesee sete ce facia ese es eiee's 12mo, 
ihiseng se Manual of (Maining a. * 2 cs. 30 tse voles tieecess eisiene ees 8vo, 
Mer ales cad “SInelbiIn OA whem ere nn as ats cea cece 12mo, 
Kunhardt’s Practice of Ore Dressing in Europe............ 8vo, 
O’Driscoll’s Notes on the Treatment of Gold Ores.......... 8vo, 
Sawyer’s Accidents in Mines.................ceeeeeeeees 8vo, 
Walke’s Lectures on Explosives..............secceeseeees 8vo, 
‘Wilson’s Cyanide Processes. ............ 0. cece ses ceweees 12mo, 
Wilson’, Chlorination Process........... Steir cates sence 12mo, 
Wilson’ 's Hydraulic and Placer Mining.................. 12mo, 
Wilson’s Treatise on Practical and Theoretical Mine Ventila- 
OI Te etre ore iaioreie eveavefajoiote soe sus © icles ere recarieveis 12mo, 


SANITARY SCIENCE. 


Folwell’s Sewerage. (Designing, Construction and Maintenance.) 


VO, 

Y Water-supply Engineering..................4.. 8vo, 
Fuertes’s Water and Public Health............ .......- 12mo, 
ce IWiater=tiltration  WiOTKS).:.<c:.t.coro-eteferenetcisratst aictene te 12mo, 
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Gerhard’s Guide to Sanitary House-inspection.......... 16mo, 
Goodrich’s Economical Disposal of Towns’ Refuse...Demy 8vo, 
Hazen’s Filtration of Public Water-supplies........... .. + 8V0, 
Kiersted’s Sewage Disposal............0sceceeeceeeerees 12mo, 


Leach’s The Inspection and Analysis of Food with Special 
Reference to State Control. (Zn preparation.) 

Mason’s Water-supply. (Considered Principally from a San- 

itary Standpoint. 3d Edition, Rewritten.....8vo, 

. Examination of Water. (Chemical and Bacterio- 


Logical.) ori cussanoche olererexenerog, of eyarete ete: te%s etere ciel 12mo, 

Merriman’s Elements of Sanitary Engineering............ 8vo, 
Nichols’s Water-supply. (Considered Mainly from a Chemical 
and Sanitary Standpoint.) (1883.) ................ 8vo, 
Ogden?s Sewer Designin. ¢ ci. ties cic vieieieleieinie) ele = fere ole eine os 12mo, 
* Price’s Handbook on Sanitation..................sce0 12mo, 
Richards’s Cost of Food. A Study in Dietaries........... 12mo, 
Richards and Woodman’s Air, Water, and Food from a Sani- 
ET Van GO CALIG POLI sere netel = eiaieeetkateg. coco tel Naol Lo betel a snetet=t-re 8vo, 
Richards’s Cost of Living as Modified by Sanitary Science. 12mo, 
* Richards and Williams’s The Dietary Computer.......... 8vo, 
Rideal’s Sewage and Bacterial Purification of Sewage...... 8vo, 
Turneaure and Russell’s Public Water-supplies............ 8vo, 
Whipple’s Microscopy of Drinking-water.................. 8vo, 
Woodhull’s Notes on Military Hygiene.................. 16mo, 

MISCELLANEOUS. 
Barkers) eep- seas SOUNGIN OS mara cmicre -iekacisicte esis = creates 8vo, 


Emmous’s Geological Guide-book of the Rocky Mountain Ex- 
cursion of the International Congress of Geologists. 


Large 8vo, 
Ferrel’s Popular Treatise on the Winds.................- 8vo, 
Haines’s American Railway Management................ 12mo, 


Mott’s Composition, Digestibility, and Nutritive Value of Food. 
Mounted chart, 


“ Fallacy of the Present Theory of Sound.......... 16mo, 
Ricketts’s History of Rensselaer Polytechnic Institute, 1824_ 
Lhe PO ado ce He noche eee ore Meee bas ogy AoE Small 8vo, 
Rotherham’s Emphasised New Testament........... Large 8vo, 
Critical Emphasised New Testament....... 12mo, 
Steel’s Treatise on the Diseases of the Dog................ 8vo, 
Totten’s Important Question in Metrology.............+.. 8yo, 
The World’s Columbian Exposition of 1893.............. 4to 


Worcester and Atkinson. Small Hospitals, Establishment and 
Maintenance, and Suggestions for Hospital Architecture, 
with Plans for a Small Hospital.......: nu «saves 12mo, 


HEBREW AND CHALDEE TEXT-BOOKS. 


Green’s Grammar of the Hebrew Language.............. 8vo, 
“Elementary Hebrew Grammar................. 12mo, 

c pekelebrew, Chrestomathy - «sen set ee tcc eee 8vo 
Gesenius’s Hebrew and Chaldee Lexicon to the Old Pentdinent 
Scriptures. (Tregelles.)........ Small 4to, half morocco, 
Iketterisiseklebrew. Bible. c2-.-ccicle etal <a ee 8vo, 
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